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ThiJ J4>*^ Ivport/of • ihort study on tf*e«etieii tor •acl^giiorllU 
oporotloM in 8. B. AsU 1« dlvldod Into tvo pKf. fnt ^ (iiiiiiM 
-I ?RrBU|H 5 J to tho body of cho repot i contolnlBf M IntoatloMlly 
cowlct dotcriptioo of Mjor findlBfi and roeowtDdod ptofrflM. Yart 
two U Ml mill n lUwuli ini coaonta of dotaiUd AppmdUoo end Pinal 
Tochnieal Stunory Roporta, roapacclvaly, on roqulramnct, optical atudUa, 
radar, acouatf > ' keor>hyaica, aod ■lacollaaaotta fjchnl^uaa. 

Tho oaphrftla of tho icudy ha* boon en novel appltcatlono of advaaead 
technl^uoa Co lo|lcally conitructod raqulraaaata. Oporatioaal and onvlroo- 
«aot«] taccora are revtewod and a lo|ical aet of requlraaaata la of farad 
aod aoludooa to partially aacLafy a aajority of thoao are outllaad. IVo 
novol appUeationa of advanced inf^a-red toehnlquea of potentially saaaral 
appllc^illty are effersd. Other appltcatlona of lofra-red for speclalUad 
aicuatlona are alao augseaced. A apecific uae for an unconventlonai radar 
la diacuaaed aod prolUlnary aatlaacaa ef feaalblUty are (Ivan. A avway 
of acouaclc dotaccloo poaalbiUtlaa la provided aod the •pplleabVllty of 
certain geophyalcal proapectint technlquea ia exaBined. Other Ideaa of 
wttkiMwn feeaibillty are Hated and briefly diacuaaed. 

In all caaoa either atudy, reaeareh, or teat work ia needed. A 
protraa of atudy atid roaeareh ia outlined for the Mthoda of aajor Intereat 
and potential. Througho;it Part IVo covaenta on deairable loweatlgatioQa ara 
noted at appropriate pointa 
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SKCTION I 

limtOWCTIW AHD SMfttlY 

Thl« is • flMl nport m tcudy fpr th* Mvaneatf taMtreh fn}wf 
AMMy« addcvM^tf to iht yroblw ol 4«rtctlnt 'nd UutUyiiit giNrllU 
optrarlepi u tcutlM«st AaU. Hitm {Mt»r« mv to b« CQMldarad; tlw 
n^ulmpfitt ior« aotf tto parfuraancB fMc«*Mry, In optntlonal equlpasata 
tot w« by ladlsnoeut troo^i. th* ■ppUcabllity of tiiiiclns •qulpatnu; «ad 
tht pouncul y til icy ol priaclplos and aotliodi not In currant uoo* Hit 
•Kudy ma ce doflaa cnoao labortcory and fiald taaca roqulcad (or aoaaaaaant 
of tbii uaaluloaaa and affactivanaao el augs«*K«d Mocheda, Ircludiaf eartain 
Caehnieal avaluatlona aa dlractad by AITA* 

tttbaaquant diroeclen dafiaad tha follovlnt eonacraUU; Tte acudy 
Bbovld ba eooeamad wlch aquifaanc for ■ilif rv eparaciooo aolaly, and not 
with poltea, or covart Incalllganco aqulpMnt. lha acudy ahould eoaeancrau 
on docaecien idaaa and mciMda aec alraady undar latanaiva iavaacltatlon by 
cha varloua larvlGaa. Iscanalva ayataaa analyala to dauialna raqutroaanca 
Wi net daalrad. 

Tha ■ocivatlena for tuch a acudy ara plain, rirac, the lecaclen of 
fu»rillaa under condiciona chat paraic aueeaaaCul attack by (riandly lorcea 
raaaioa on* of tha graac problaM of ar.ti-guarilla eperacieaa. lacend, 
advanced detection lear daeigned for aucb purroaaa ia generally eonapic.«ua 
by ita abaence froa cha T. 0. k I. of O.t. ailicary unica and ia net to be 
found aL all In loutheaet Aaiaa ailicary aarvicea. Ihird, aucb U*f« gear 
aa antata My not be uaable in the n Aalaa theaterj or by indigeneua troupe* 
tn cha acudy, e nuaber of requiraaenta have been auggaatad and certain new 
MChoda offered to aaciafy thea. In every eaae, aoaa teat work una found 





t9 b« rvqufrd «nd in Mst iMisncat (h* basic d«c« twrdtd to Mtabllah 
(•MtMlilT wri. 001 «valUbl«. 

Tht wttvationa lor th« cenatfainu Mrv, r«a^etlvcly, 4 taatrietad 
•tatlen^ or anciclyatad ditltcultlrt, poUkieal or ocUivUvj in utllUiac 
eartalo uehniqwatj and a dasira (o avwld dupUcacini echar atudiaa« Tba 
fraecieal rttulu ot cha conscraiaca hava baan aa felloM; Oaruta 
obviously pronlaini soluCion* 10 accapcad raquiraMRtf hava not baan 
traacad tha uaa of poiytrnph tachniquaa to dataraina ndattor partleiiUr 

viUataa harboc suorillai); oMUioda of •urvaillanca and raceaaaitMaca in 
coMDO nilitary and civil uis havt btan anaainad, if at all, only euraerily 
(or applicability to thia problaa (a.g., aarial photo- raeonnaiaaanca and 
aaaeclatad wnitoring tachnlquaa hava not baan traatad); aadj no broad and 
ayataaacic aoalyaia of tha ant Ira conflict haa baan undartakan (i*a., tha 
ra^uirananta hava baan cenatructad aolaly on tha baais of hiatorlcal asparianca, 
a partial appraeiation of tha conflict, and ceaaon aanaa rulaa). 

Thia final raport la fomulatad aa foUova: Tha body of tha rapart« 
tactiona 1 chroufh k, cenaiat of a ralativaly coociaa account of tha 
■uhararc* tnd findinga of tha atudy. Oataila of tha aork, aubatantiacinf data, 
and ochar information uf intaroat ara |ivan in Sactiona d through 10, which ara 
Appandicaa. Tha Appandicaa ara larga aa all tha parcinant aatarial gatharad 
in tha acudy la Ineludad on tha baa la that it any ba uaaful in tutura work, 
lafarancaa to tha litaratura and cha Appandicaa ara carrlad la tha body of 
tha raport, and figuraa ara eoUactad at tha anda of aactlAoa oc aubaactioaa* 
•action S providaa a ganaral bibliography. 
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Th« tcudy ««• orgwiiicd un ttm ba»ri (1) chtt rh« currtnt codCIUK lo 
•oueh VUcnM ■If'.ic aoc b« resolved for yean; <2) thic AMrilU oytnttou 
la KtM isMral pactara aighc apraad to echer parct of II AaU; and O) 
that eaehalquaa o( i«aaral appltcablUcjr (l.a., w^mnllj appllcabla to wt 
laada, Junglas, feraatr*! uplanda, aountaU araaa, ace.) wuU fca «. grMuac 
iBtaraac* Thua, whlla noar-tara aolutlona to Viotnaa probUaa ooro eoMidorod 
to ba tapertaoti cha atud? contaaplatad potontial long- tan appLicatloao as 
van. U^ulraaaatft and aulutloua applleabla to tho various porta of alt of 
SI Asia wra soutlit. Por thaao roaooaa two areao, aaouaad to bo cf aajor iaunat^ 
Mro asaalaod. Soytb VUtaaa, lAora a favorablo offoct oa tha eurroat coaflut 
■l|ht ba obtalBod, and Thailaad, petoatUlljr oa aroa of eoafiict. Thailand 
■oraovar mf ba tboii|h: el as a laboratory raaaoaably raproaaautlva, baeavaa 
of ita di.'araa faatyraa^ of all ■ AsU, and aueh of South AaU. For 
aonroaUnca, an outliaa polltUal aap of II AaU Is gtvaa la Plgt-fa t.l. 

Id convaatloaal attack oa thU prebloa oao ai|ht mha 4«taUad 
survaya of ths stata-of-tho-art la survalllaaea and raceaaalsaaaca , iaeludUt 
aatrapoiacioBS, and of tho natural baekirouada of partlaaat phaaovaa la tha 
eoafiict araas, aad ralata thasa to operational naads. Instead, the follo«in| 
approach ms enpley*>«i- rat, a praliainary survey of eperatUiae aad enviroa> 
aanul (actore uea aade to indicate sona raquiraaants and suweat proaialni 
taehniques. U llrsfhand report was provided by S. Aleiandar« froa a aurvay 
trip undertaken in Nerch and April of 1962.3 The relatively fsv lenerally 
proaislBi and praviouely unonploited tdeeo which eaerged froa this aurvey 
Mro then esaalnad ia eoaa detail, aad earriad to the itaie of reeoMndini 
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t9»t Md r»t««rch progrsM* TIum, «• it happ^Md, vest of th* •tfort of tto 

• (tidy Ml Mptndvd on aptcUllsfd piMtilsap of infrared lurvailUaM, iMluilBg 
■OM tiapU tsporiatnta. Nuch of tha iiw rtantnlns allocacad prlaariljr 
CO iovaaciiatint a varlaty of techslquaa, with prioiicy glvan to thoaa vhich, 
on balanco, coaaidorlng CoaaUiltcy, opoxattoaaL utllityi availability, and 

• i^liclty^ aaaaad «oat prosit ing. 

Thla wthod uf approach waa ehOMn aa balng aoat llkaly, in abort 
iciidyi to produea Jvadiataly «ib«2u1 roaulta* 

Duiing cbc eourao of tha atud/| Fro Joe t Aglla «aa orgaaiaad into 
BOYoral ■ub-prt>iactt including frojaci V • Ce^t Survaillaaca and Ikrgot 
Acquiaiciun tyitaiH, ««hich aaauaad raapeoaibllity for Contract tO-lM. liaeo 
a Mjor olannt of thia project involvod anvironaintal noaarch, soan additlMMl 
olfort waa davotad to gaining a grantor undoraunding of tha infortaneo of 
awironaantal factors and practical constraints on oparstienal noodSt 

Tha tbchnical findlnga of thia parrlcular study arc susMriaod bolow. 
Details of tha depth of tha atudy relevant to tha findiage ere given in th« 
tost: 

1. Ho ailiury detection cathod naa found uhieh proaiaaa aa over-all « 
evarifhalQiai advanugt for govomaant forcaa. 

2. Tue provieualy unasploited applicationa of infrared theraal-aappiag 
taehniquas any offer aubatantial advantages to goveroaent forces. 

Thsy are: 

a) tfaka -napping of subaerged lands, and 

b) Setae t ion of firea under fereet cover* 

Ixploltation of both tachniquea rrats on acquiring baaic data not now 
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iR band. TV rtfulti ot aspartmnra rn dare tr« t»t (ully uad*rfltood 
•nd AdditloMl ax^rlMncs and Ci«:d casta ara oaadad. laaofar aa 
•slating «q«ilpa«nta ara tachnlcalljr iaaalbia for cba lugcaacad 
applicatioiti, which la sarKlMl, lasjr ara noc gasarally aultabU for 
uaa by lodltenova foreaa. Hm fuliaat axploieattoa ef tha phanomo, 
«• now undaratood^ wDtiid ra^ulra eho davalopMnc of now a^ulpaaac. 
»•« aqulpwBt for opsUialBg tir» dacaecloo, on gaoaacrleal srouirfa, 
la auggaatad. 

3* VI cb raapacc eo paaalva lafrarad a^ulpaont uaad at ahnrt raatdd# 
raporcad f laid caata hava boon aoatly imfovorabla. Additional aork U 
aaadod on ra^uiroaaata and tba apaclf Icatloa of doalga paraaatara. 
4. Vltb raapact to radar; 

a) Aircraft radar aurvalllaaca to da tact arvad partoaoai eoacaalatf 
undar foraat covar, or wvlag uadar covar, diaa nee look particularly 
proalalBg. Tba praaaat stata of kaovladga of typical •lgBal-to*aDiaa 
conditlena la, howovar, laauff iclant to aattla tha qtiaatloa. laoiigb 
uttcartalnty aalata that baalc axparlaaata ara naatfad and ara 
juatlflabl*. 

b) Short-ranga datactloa of aovJng paraoaaal la eartalaly tackaUally 
faaalbla In eartaln altuatloaa. Tha oparatlonal utility of o&latlat 
or advaacad aqulpaaat la not raaolvad* Additional atudlaa ara 
caadad. 

c) Tha uaa o( •paciaiiaad radar and aaaoclacad aqulpaanc co locata 
ih« stfurca et saaLl arm, haavy rtfla, and sorter flra fros tha 
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troumi, halUo^it^f^ aire rat t ¥ltt\ »ulflci«nt prscUloa for 
return fir:, eay fce !t«li!lt •n4 ih?uH irrf«ttlt«t«4 
5. AcouatU lUtcntnt d«vlc«» tot aDDttorloS tralli aiid «r««B, and for 
detecting or rao|ing on groupa attacking atratvglc vlllagca art 
Uchnlcally faaelble. la caaea, auitabla gear can b« alafly 
ennatruccad ualag ofcHvd wMrlala. tbara ia, t^narally^ poor Inferwttott 
on ryptcal algMl>tu-nolao Cor varioua altuaciona aod advaacagaa over 
othor aathoda arc not knova. Oparaiiwoal faaalblUty ior aaay potantUl 
•pplleatlono la quaacleaad (e.g., la cnll aoaltorlng bocauaa of tlw 
allogodly vaat nuibara of tralla, and tiM auppoaodiy aaeraotw dau- 
handUiig probloM.) AddlKloaal atudUa ara aaadod. 

«. Goophyilcai proapoccias aatheda wy bo of iOM incaraat in apocUliMd 
oppUeaclona (•••., aoaaltivo «Mtaato«acars to aid la ivrfaea impMtloo 
of llaltad aroaa for eoncaalod arM) Furthar wik la ro^&rW. 
7. A varuty of asenle **eoopor«rivaP IdMi lir/oWlot praftroatul IMliat 
of guarlllaa by chaaUaU do aot, oa balaaco, a««a preaUiot. 
S. la gonarai, envlroamatal data, particularly thoao rolatlng to 
aatural baekcrevnda of phaaowaa aapLoytd la aurvaitlanea, aro aparac. 
Thara la aubacaaclal avldaaca, baaad oa otbar conaUoratlona, chat local 
(i.e., U.S. aai Ucla-AHatican) arcaa aalactad for tUld taata «va aot 
rapraaentaciva of St Aaian eoaditiaaa. Aa aflort ce obtala aBcanaiva 
do called data oa carta la claeaaa of 81 Aaiaa backtrounda wuid bo vary 
northwhlla. 

gaparlaoca gained la thla aiudy haa lad cha Coacraccor Co carcaia aoauchaleal 
eooclualoaa, perclaanc to future nark la thU area, ukleh ara, Chacafera, 
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I Ivan b«low. 

9. SC4t<c of th* *tt, d«v«lop«tnt, and r«t*«rch in aurvailUnct tr* 
VAdcly dlKerant tn tha /•rluui Sarvicai and othar O.t. ageociat. 
Knuwlad(« li iharwd alawly^ at prasant, and tpaclatiaad crlcka of (ha 
trada ilitar Irou chclr urltin to ochr.r Scrvicat aod AJtPA in ta^luir 
lolauialy Caihloo. A vigoroua acroat-cha-beard ravlaw of aurvalllaaca 
io eeuotar-lnsuriancy^ on tha atyla ot thi vcU-luoiro tacl.nlcal ravlavt 
ot aUalla dafanta problaM would ba halpful. Ixlaclnt prograaa could 
ba crlclcisad and gapi aada avidant, araaa of agreeBrnt and d laagraaaaac 
cou?d ba outllnad, and kay liauat ptnpolntad* It la not too awch to 
hop* that an agraad upon ovar-all prograa could ba foraulatad. 

10. Although tha AIPA rola and siaaUa uadar Projact Aglla hat bacoaa 
Inenaaingly cLaar, tha a^hAtis on raaaarch for lorftaca objaciivaa* 

centraatad to gadgacaaring for isMdUtc anpUeation, baa oot baaa 
■■da clear* Itaara la aoaa eeafualoa in iadutcry quartan eoacaralat 
tha varioua SarvLcv ■laaiona and thair raiattenahip to tha AIM aitalea 
aad, la particular, to tha rola of taaaarch. 

11. Undar tha praaant pregras, it aaaw that aaaantlal. long-tar« 
raaaarch my ba da-aa^haaltad In favor of apaclal prejaeta daalgoad to 
glva abort- tara rallaf In Viatnaa. 

12. Although fairly narrowly daflnad atudlaa ouch aa tha oaa taportad 
hara aay ba prodoctlvaj thara la a atrong poeolblllty that (a) aubatartl- 
ally graatar rata of p.^graoa aoulJ ba obtalnad with an affort larga 
anuugh tu auatain a aul t Idf aclpllnary approach (l*a., at iaaat ona*hal( 
doaaa apaclal lata) ; (b) aiparlanca and dau ara obulnad alowly aaow^ 
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th«c U w<jul<l b* jt^ftt %»>ichwhtl» to MiniAin «ay p«rticut«:r «(lort for 

II. FlrMiiy, It !• 4pf«r«»t (IMC quit* div»ra« vlcwi axlat on Iww b«tt 
eo •■ploy «dv«nc«d ivchfloio|y In councn'r-lns .rftncy operation. Thlt 
prolilca ot rttquirvahK* c^ntnt b« atAtcd In w«y» wt^itch «r* s'Mrally 
Mcaptabln to all wtrkar* ie th» fUU. Thia dlvasaity of opinion 
•tghc be raducad by a •(.rii.a of dlacuaalona on actual csparUncaa Id 
racont ailiiarv (.'V'r«cion« tn Vtctn«« and by detailed raporta of 
operatioaal encodnt«(a end resulta. 
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SECTICM 2 

KW miEMElfTS 

2.1. C«nT<l 

Th« Ctcm - r*qulr«Miii«s • '.• m«J h«r* to aacoapatt th» oaads and 
<<»tlrt« of tha Billtary aarvlcaa for dotocclon and auirallUM^ capabilltUa. 
Thaaa ara for nparat tonally fa««lbl« ind dttractiva aaaM to &ac«cc pimrtllMf 
tbalr Bowaaanca, atma, baaaa, and oparatlooa tn tha raiiooa la 'Aii&h tbuf 
oparaca, or My oparata in cha fututa. Faaalblllty, U thia oaMo, aaana 
Cha aaehoda war ««ork eonalacantly, and ba iiaaful uodat conflict ccadUtoM. 
■ad, cvaatually, ba uaabla by Indisoaouo trooM- To ba attvmctlva, tha 
■ttboda mat tlinifiesntly anhaaea tha probability of aueeoii fully attukiat 
luarlllao, or dafialtaty haa^ar thair oporatioaa. 

Tuo faetora ara of prlaary lapertaaea. rixac, it is aacaaaary to kaM 
«a ^uaatitativaly aa poaaibla, nhat diffioultiaa ara lapoiad by tha'aaviraa* 
Mat (e.g., carraln, vagatatlon, ellMta, ate.) of tha eoafliet and i*at 
apaciai opportuaitiat ara affordad. Sacaad, aiaea tha Mtura of coaflUt 
oparatloaa My Btroof ly affact raquiraMata, iparatioMl faetora wot bo 
eoaaldarad with •ma eara. Tha forMr couidaratioa it diaeusaod briefly ia 

2.2, and Utar in 2.3 follovlng. Boch ara treated ia graatar detail ia 
Section 6- 

Guar! 11a warfare In South Vtatnaa follawa tha tradlri,»al patcema of 
early conflict •atahllahcd In China, Vorth Vtatnaa, the rhiltpptn«a, 
MaUyM, and L«o«, aodlfiad Initially by tha character of the country and tlM 
accaaaibiltcy of aanetuary and ante recently by U. 8. - iatroduced operatioaa. 
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tiiMCllijg now optr^t* in all parM of 8. VUCMa.. In null t«M«» pUtooM 
(10 mmn}, »pft companlc* (90 a;:a). Ort-^stoftAlly tvtmy ia baisil&M strM^ch* 
or tngagcMotft pratuMbly involviot Urgtt forcai axa raportad. Sova 500 
tarror Incldanta par aoath ara allagad to occur, InvoWiof virtual Ijr all of 
Sovth Viatnaa, lacludltig aabotaga, ataon, ktdnapping, aaiaailMtlon. aabuah, 
and tCtacka <m ouCpotta and eowunitlaa. Som of the aajor locldanta and 
conflict* publicly rapotcied In th* Uit y«4r by U- 8. corraapondanta ara 
•hown by cha croaaad circlai in Flgura 2.1.1. 

It la ballavad that thara ara on tha ordar of 25,000 Vlat Cong 
oriaoltad raguUra and poaalbly 75,000 - 200,000 Irragulara and VC vlllaga 
dafanaa forcaa. Many araaa ara wra or laaa coapU:aly undar VC control. 
Although, aa In prr/loua guarlUa caaipalgna In thalr aarly atagaa, tha 
govcmaant kaapa Msy aora aan undar araa than thara ara guarllla rafulari 
(parhapa a factor of 10, or aora) It la vary difficult to bring thia suaar- 
Ical auparlorlty to baar. Graat dlfflcultlaa ara axparlaacad In raachiag 
tha »ctni( of attack In tiac to angaga guarlllaa. In tracking and cloalng 
alth loaurgaota aftar tarror Incldanci, In dealing auccaaafuLly with 
aabuanaa, in locating baaa«,ln datactlng Inflltracloo froa antra tarrlt- 
orlal aanctuArlaa, and In dlaruptlag supply and coaaunlcatlona Unoa Co 
adharanta and paaalva aupportara- 

Thaaa dlfflcultlaa arlaa frca a larga nuabar of cauaaa; Including 
poor coMainlcatlona, and tranaportation problaaa. It ta ganorally fait 
by obaarvara on the acana that tha dlfflcultlaa could bo graaily alUvlacad 
by bottar datoctlon tachnlqu^a. On tha baala of asparlanca In fiiorllla 
cooflUta already concluded, aod currant axparlancn in Viataaa, * aMMoabla 
lot of general raqulraaante can be given, bearing in aind tM geaaral 
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probleM of fMtibUity and «tiracclviM«t , and the eooacraiact dUeiWMd 
••rliar. Such • iuc !• givtn in TabU 2.1.1 balow: 

Tabia 2.1.1 Canaral taa»lr«M«t« f or Mlittanr Dataction 
Prtfcirv Piirpoaa - futura ^ttm^h 

1. Location of iwrllla eaaaa. 

2. Xdantlf Uation of fsvorad routat Into and out of baaaa, 
Intarnal tanccuariaa, and *xtra-rarrttorlat aanetuarlaa. 

3. Idaaclfleatlon of Unas of coMin teat Ion and supply to 
•upportars . 

4. Location of atom and hidaawayi away fre« baaaa. 
grlwarv Pury--^ Tiiiiii Uata Attack or aafattaa 

i. Itanlat of aabuahaa. 

Kapid and praeiaa location of aabuahing (orcaa and quick 
raaet ion. ' 

7. Itaraiftg of, and praeiaa dataction of luartllaa wviaa to 
or fro« a^ush or attack of outpoata. coMuoitiaa, or 
othar fixad aitaa. 

a. Praeiaa location of attacking forcaa «nd waapooa. 

9. Tracking, or raal tiaa dataction of guarilia aovaMot under 
covar of darknaaa or natural eoacaalMnt. 

10. Location of guariltaa in ta^orary concaalaant <aa in bruah, 
burrowi, or undar vatar). 

11. lapid, precise location of vaapona firing on aircraft. 
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In scncr^lt it ii prvtuwd ttisc, other things beint tqual, d«tactioa 
l«vMiiii|u*" w'l**'!! wck ai. long »nt« 'rra airentt; vovltf b« pr«f«rr«dt 

•od »•! tlw d«t«-h«ndllng would bo favorod ovar aathodt uhicb aro only 
uftful for Cutura attack. Host wiat daoitoblt veuld ba ahort-ranga raal 
tlM Mthodi uaabla by eoabat alaaanta aod convoy aaeerta. Flxad, ahort* 
ranga, line or araa aurvollUnca davicaa would ba of laaaar iotaraot. 

In thli study, wathoda ara auggcstad which way, if faaalbia, partially 
satisfy Raquira«»ata I, 2, 4, 6, 7,8,9,and II. Eatlaatas of Che foaalbllUy 
of weating luch raquirasants and erltarlam dlscuts^rf at appropriate potnta 
in tha body of tha text. In ganaral, tha quaation of faaalblllty raats on 
fundawantal data not yat In hand and for which, la «oot casaa, no prograaa 
•slit. 

Thi subsaetioiis following tuaMrUa briefly the ewrlroaaeBtal cad 
operational factors of laportanea covered la detail la Saccloa 6. 
2.2. EBvlrowaet.tal Factors 

Tha Viet Coag have aajor baaea at way points In South Vlataea ead, 
of course, Infiltration oay occur along alaost all nf tha nearly 1000 •ilea 
of border with North Vlatnaa, Laos, and Caabedia. Som aajer baaea reported 
publicly are in An Zuyen province on the Canau peoiaaula. In the proviaeee 
along the Caabodian border, such es Tay Nlnh, along the Anaasite oouataias 
opposite Da Haag and Hul, and la Zone D, seaa 40 allea northeast of Saigon* 
which occi^lea aoot of Phuoc Thanh prevlaca. These, end ioae other proviaeee, 
are sketched crudely la Figure 2.1.1. They are aeatloned to llluatrate tha 
variety of eoadltloaa under which guerlllaa aust be detected. 



.2.4. 

mm 




An Xuycn Is • aarthy dtlta, rtpltts vith MotTQV* m^fi Tay Mlali U 
• ric« arw, «nd other nsarby provincM contain such paddy land; oppaattt 
Da Nant aud balow, at tha tamftxua of cha He Chi Hlnh trail, ara haavlly 
forattad, praelpltoua aeuntalna and narrow vaUayt; Zona D 1< aoatlj billy 
with damn JuntU cevarins; Inland froa Binh Dlnti, and fre« weh of tha 
aaatarn and ao'ithaaatera coaatal arrlp tit low ara ratleaa aoM tana of 
•lit! deap eovtrad with priaary rain foraat. 

Haana auat ba found to datact gMrillaa in a variaty of foraata, 
ittcludinft dry upland, aanaoen, and tropical rain foraati, in tropical 
twaapi and Kxahaa, arJ in ganarally wat landa lueh at rica paddiaa and 
rivar daltaa. Tha Mjor difficulty in aaaaaaing tha faaaibility of 
varioua ichawa ia that quant itativa data on tha aflwironMOta ara not 
aval lab la. 

Should Thailand baco«a an araa of «ajer conflict, varioua rationa 
poaa liailar anvironaantal probloM. 



2*3. Qpgtwttunal g y^ f tti tr flt fi t 

There «r» not Mny "aimln^^rtn^* tvxiM un ■(iprillii warfare. AccouitCt of 
hlttorlcat wKpwrltfr.ca do noc, Mually, racounc tuccvM «nd f«lluro petntt of 
uctteal uiHiracions In w«yt that iwaful for daduclnf af^rttprUc* eorrre- 
civ* action. Itaciaclca in datall on currant oparaciona Iwva not baan avall- 
abU. SoM fov accounta, vhleh ara quatad at laaath In taccloa 6, do glva 
valuabta Inaighti into o^raclonal nacaaalttaa. 

Ui;h n^apwt tu advancad datactlon davtcaa. nona aami to havr baan aa- 
ployod ill Malaya, In Ituneh Indochina, or ttw llitllpplnaa, aKcaot that in 
Malaya tha-Brltlah triad both alllMry doga aa trackara <una*jecaai<uily) and 
iaportad nativa trackara (auccaoafully). 

lha laaiona on Jumla warfart ara axpUelc. iitrol aeone^r raquicoa 
that any dataetien davtcaa carried ba aa light and aa ruggad aa poaalbla. 
fraawablr tha advantagaa attrlbutad to thoa wat b9 vary aubataatUl or chay 
will not ba uaad In any eaaa. Iho mt auccaaaful leehalqva raportad la aa 
account o| Malayan oparatloaa una tha latolllgtnt daductloo, by « groat ni^r 
of obaarvatlona an tha ground, of routoa favorad by :ho GT*a la tbalr travaU 
to aud friia hlddoa Juagla baaaa. 

Xn Vlatnaa alallar and aora astaaalva dlfflcultiaa ara oacouatarod and 
tha anvlronaant la aora varlad. Thora aro a factor of 3 or ao aero ?C*- aov 
Mtl¥o la Vlataaa than wara ovor ocdvo la Mlaya and a aaallar poreaataga of 
tarrltory la uador govomaoat control. Tha tosain la aoaauhat aor* rug^d 
aad, alaca tha fighting alaaaat ceaalata of VlatnoMaa troopa tho rapid la- 
clualon of (Haatam) aathoda la aot oaally obtatnad. lhara ara atlll 
aafor VC baaaa In tha Junglaa of Vlataaa uhlcb cannot ba (pracUoly) locatod. 
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Op*r*ti*Mi« la fipuUvil landa ar* fairly cohmi. Yrav«l acrcat ttrrltoria) 
boimd«ri«t 1* not contrellad. line* aiiMjr intlc tit** in fenya !• difficult 
to •BCiMt«j (owrotaui lorcM (pftcrolg) w* •oMtim* ov«n«tclMd and aa fr»* 
qwndy, tovenmmt imiti oi unAaeacaarlly Urga alta art aa^loyad. Trapa« 
anarca, and aplkaa ar* coMDoly Mipluyvd on tralla and llkaly hallcoptar land* 
Ing poinca. An^uab la fr^quanc and d«vaautin|. Iha local populaca Uf at 
baae, prlaarlly paaaiva and dona not raporc VC ■oyaaeaca or praparatiou. 

An oparacional factor typical to all guarllU ceaflicta at aoM atafa 
la tha axtraaaly tmfavsr^la ratio of twamaant troopa to laaariasta. Zt aay 
ba obaarvad that tha piapoodaranca of auch troopa aluaya ara an^ifad la guard 
and civil control or ara held in rcsarva. Iha widaapraad adoption of intruaioa 
dataction davicaa and ganaral nachanisatlon of auch dutiaa aay coacaivably, 
BBka pooalbla a raductloo in coatrol*troop atranfth. 

Tha ratio of coatet troop a to active inaurianta ia not naarly ao larga» 
and probbbly caaaet raaaeaably ba raducad. Advancad datactiea davicaa* how- 
ovor, nay anabla fhaaa troopt oparata aora aff Idoncly aad to auacaia a 
hl|har level of prataura on cha mamf. Nijor oparatloaal basarda ara uacao* 
trolled aecaaa to antraterritorial aaoctuariaa, and the axiatance cf atabla, 
taai^proachabla. VC baaaa aad training cantera, aad fraadca of aowaoat of 
guarillaa. Advanctd dataction davicaa aay alleviate thaae haaarda. 
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SECTlOti 3 



3. 1 Incroductlon 

A v«rl«ty of novel and f'tmllUr d«coccion MChodt «rs brlody dtteu«««d 
In Chii ctccion. Evphstla !■ on natlsfylns pr«so««d raqulrcaenct for ant*- 
tutrllU of«ncionJ In 8ouchM«r AcU: R*f«ranct !• Md« tc kn*Mi profnai 
ADd t»pari«(U« if citad. Th« objective* tai coMtnints pravloualy di«- 
ciMied tr* LapUclt la ch« IdMi traactd. 

tinea axtaoaiva aurvaya vara :<ot poaslbU uadar thti coocract, only a 
law «l«ca on ailicary aarvlca da c action proftaw and Induacry propoial* ara 
praaantad and chaaa ara acacccred thrsug^dot LUm report. ParclttasK AIPA 
flald prograaa (or icctad raqulr«Mntt) a» raporcad fron cha CDTCa in 
Vlatnaa and ThaiUnd (Rata. 3. l-3.<>) ara tlitad in labia 3.1.1. In cha 
Tabla, and rhroughout cba raporc, aathoda of datactlon hava baan dlvidad 
Into two ganaral eUaaaa; obaarv.itlonal . in wbleb datactlon tt achlavad by 
obaarvlnc c«r|at al(QaU agalnac cha natural aovlrooBanti and co^paradva . 
in which detection it achiavad bacauaa tbt charactcriaclct of the targat, or 
of cha i:atuc»l aavironMnc hava baan purfoaafully altarad. 



3.1 rarlodi<: Report, COTC. RVNAF (l-Sl July 1962) Sac. 

3.2 Utter Report, CDTt (ThaiUnd) (1-30 Sept. 1962) Sac. 

3.3 Utier Report, CDTC (ThaiUnd) (1-31 At^uat 1962) Sac. 

3.4 Utter Report, COTC (ThaiUnd) (1'30 Sept. 1962; 9ac. 



Tabic 3.1.1 tKi«tln« CuTilU D«f<tlen frtrnttmu 



ubtTvatlonal O«teetlon 
fratria or l»qutrTt 
Mkppini and atrUl rwoaiMiaaMcc 
KavlronMneal4«Mnclwe**»-h (Raf. 3.4) 



Hina datactor for nail-board dacacclon 

Door^*'' turvallUiiea radar 

Airbona •unraillanca for wcapona and 
aamnitloB 

Bordtr lurvalllaoc* (foncaa^ Biaoa, ndar) 
Aetiva and paaaiva abort raofo 12 

Sataaic davica 

Dl race tonal alt-rophona 

lalUoad aocurltr (nil braaka, ainaa, ate) 
Nllltanr doga 



Short emm»nt 

In dalca oparacleaa—CjH 

ThaiUoo»-haae aotircaa and 
aurvati lance probl«ia 



Natl- field claartng proftaa 

Teat of AH/APS.4 4 nower aodaia 

Gaophyaical techai^uaa 
(raquiraaaat) 

laaaaicb on control wtbeda 

Taaca of axlacttt( nighc vtowlns 
gear aod re^uiraMoc 



llOTS*saoplM»a-bttb aaDaiciTity 

Thai land- taata of laagkoh 
■IcnphoM 

■aquirMont*olactroBie set bode 



Patrolling, twmlRgj traektnf, 
aggreaeton 



Cooaaracive Dataction 
Pioaraa or taouira— nt Short 



Village alan ayatM Coded puUe radio aigoal 

Chaff rockaca for out poaca Por AP ndar net obaarvacioo— 

4-4 oa chaff co 2000 feat 

Targst sarking davica Por narking drop point a, aec. 

VC Stain greoadaa Paraiatant stain for later UV 

txaminacioa 

ChaalliAlnaacanc poralaiaot 
Vegetaclon kill|L Denude natural cover 





Th« ACIU CS&TA prusm, rvporttd In Mf. 3.3, lUf in •ddltion « 
tptelfie pTcsTsa sa persistsnt ssc&ci, • t««U iUl« v»|p««iMat oa tlw 
CMilMHty of anrUl r«4«c •urv«ilUnc* Ko locait concHltd panoimnl (wltli 
Conductroo Corp.) and « protm on fir* aococctoo (erlgiDolly tugfottod 
th« Coatraccor.) AUo llatod !• « iMMmil profrae of tavooctgntlon in 



•ad 0 M^Ml floa t for oavlromoaul roooarch oa roUcod pboaoMao. 

lafrarod (3.2), radar \9«3)j aad aeottotiet and goophyoica 0.4) appltca- 
eioao aro traatad brtof tjr la tlila aactloa and la dauil la cha AppaadUaa. 
Tha troacMat la both placoi it ioMwhat unavsn otaea tho ftudy of fort waa 
cooeaatratad an iba aaat proMlaiag aad pacaacially uaaful idaaa that aaao 
•arly. Ihoao happanad to bo prlaarlly la tlia lafrarod fioM. 

Vithouc aicoptloa tho tactical utility of tho aathado caaaot ba aotab* 
Zlahad wlthaut aoao toatiag. Xa tha aoot iatoroatiag caaaa fuadaaontal 
■aaauraaanta or aatonaivo fiolU tooting oro ro^uiroU to oitabllah oporatioaal 
faaalbillty and to fully aaploit tho tocholquaa. I^uipaonta auitabia for 
uaa by ladlgoaoua traopa auat ba dovalapad. 

3.J Optical 

Tha obaorvaclonal optical aochoda of aoot proaiao auggoatod in chla 



1.5 Quartorly Agiio Mport. I July - 30 topt. 19*2. CoalidontUl. 



Acouatlc & •oiaaic davicaa; 



Pnsilva and acdvo II; 



ladar and ethar alactroMtnotlc dacocdon; 



Paaalva 4 aetivo optical viouiogf iaago intoaaificatioa, ate. 




•tudjr both InvwUr (ht tapluyBCnt ot hlfh rctolwClwu bUamal m^pff. Two 
vt Vm«»v mmf tvm%»i>, 4t> ly a^iilihatflw b«vlioii)«M« » oam tot M« asaiMC 

|u«r(lUt In feXMt and JuntU, tb« ochtr In flooded Uodi, •mmf, tc, 
Thtit sr« •) wake dttMclon, tnd b) flrt dotMclon. 

• > Wa^w dofctiwn ; Ic t« r«a«en*bl« t9 tuppM* chat aovflMfiti of 
Mdvfttca ro Uit« guarllU forcta Co polnct of osowbly la yoMy 
Undo My bo prlaorlly at clgbc, If tha r«|lon ia undar any kiod 
of turvoilUnca. rroliatnaiy caUuUciena ao probabto coapotscuroa 
bIobOj indlcaca (hat poraoonol Mvint throuth acagnanc bodioo of 
wtoff my ioavo 'Vakoa" alalUr to aht? wahas, of aufflctrnt 
paralataoca to bo uaaful, if datacubla, U aatabliahlflg pattoraa 
ot MvoMflC. biaclag tbofMl mphm aooutli roaolii- 

tion and aoaaitlvlty to wp audi Mkoa. Tho LndleacioBa couU alao 
aid ia tha tnckiat of guatllUa U flight, ia aoaitorlat wi M Pd> 
Old ia ochar aurvailUaco opavatlaaa ta floodod Uada. Tha c»m- 
bility Bay alao bo awliod to tho control of guarilU woiot cxaffic, 
ia locatiag aubaacfod bridgoa, oto. 

At tho proaoat tiaa tha aaiJtoneo of tha phoaoBoaoa hao aot 
hooo dMoaatratad (only ono toot, undar rathat unfavorablo eoadi- 
tioaa Taao 9.6? haa boon ma, with oogativa Koaulta) and, of iwnrao, 
tho iatoaaicy, aitoat, oad duration of aueh a ftfamaomk uador 
varying anvironMnral eonditiona aro ceaplataly unhnoMB« fOn tho 
othor hand ahip wakaa, taaHnturo gradioata ia Matar^ aad a 
vorlacy of othor aurfact phoaaHoaa hava boon racordod by thoiaal 
■Bppara obaarvlng tho apH'Mt tMpantura (taapantura/Miaaivity 
product) of a thin aurfaeo watar layer.] laaic data on tho 
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phinanc<.« «r« nvvUtd* to ••(■btlih (h« c*rhnlctl f««*lblllty and 
reuitt -it ;>eri':nRel wskt surveilldnee snd to dcteniiAC whether 
•xKCins Mpp«rf art «U«^uac« or wh«ch«r nmt aqulpMiit vouM b« 

Tht quttcion of opcvattocwl ucllicy it coBfUs and not asiily 
rttoiv*d. Loftcal ttt\m»ntB tor, and ch« Mthod bvlng 

of ciccical h*w» K*»t» r>rm«r. t.f^r*** T* »h« Tonrraecor * t vlM, 

Chit qotacion li raliad prwaturaly alnca tha producca of auch 
BurvtilUnca CAiutot ba daacrlbsd at tbia ci«a. An aaaaaclal ax* 
MrliMnsal prosra* (aaa 4.1) waa rocrwMndad aarly in tha acudy 
but haa not baan undarcakan* 

b) Firt Data ctluii ! GuarllUi llvinc in feraata «nd jinclM, MracUlly 
to Muatalo traaa an raaaonably aayaetbd ce ui« eopftrM* Xa mnj 
e«a«j alMt rlra la a ■eavla of tba diat Bhart awt b« eaoklag* 
larly in cht frojoec it vat •usgoacad that tht datacttoa of such 
h««t iMrcaa w.dar dan^a canopy ahevU ba toehaie^lljr fMSiblt. 
Praliaiaary ealtuUtlona (and aubaa^anc asfartaneo) ahoitad rhat 
aalaciflc chaiMl uafff would datact opra flraa and hot ipoca if a 
dlract lino of at|ht bocwoon aappor ar^ aeurea couli bo ootabllahod. 
Thara la aUo aoaa poaaiblllcy chat datact itin nay ba nchiovad on 
glint (i.o., acattarint) without diract ilnaa of aifht. 

It any ba arguad, raaaonobly, that araa sapping of jwgU rt- 
•uUing in tha datact ion of Mall firaa aight htlp to piapoinc vv 
baaa local iena which woia not ottiofwiaa obaocvablo. With roltablo 
and prociao dotactioa it ia ovon ^aaiblo that huatar/killov «ia- 
aiona aay bocoao foaaiblo. 




At soon A» thit Ld«« wa« •um**'*^' Co«tr*e«or ^Ur»« 

v«r* Md« by kUA for • plt»yb«ck •«p«rL«rat In Op«ntlon TraHC4B 
CO Mttle ch« Hjor q^MClM of p^rtatrntx* aiAlaae tM typ* of 
dMtt cjiDopy tiMt occurs to eho rain ferottt of SE AaU. 

Hoc wick is yoc known about th« accusl dnttlty of oponinsi la 
nlD <or«»t and tn fttic^Ut CIm nacwro of covoTago provldod by 
fnrHt* la SI A* to !• ooc qusntlCAtivsly kn»#« to «oy dofrot. 
khtat to cU*ri If docdvtioo to •ebtrrod by aololy dlroct lookian 

« dlroCK llM of •i4,ht bocwooR icaDiior ood ttaat tourco 
Bhcei«h -ho CAOopy) prooMK chtmil Mppors, which aro lln« •caaMro, 
provlds tt uoaocotMrlly lew proteblliCy cf dctoctioa ia roosorabl* 
■totlou, «ch oi«mt of tho urgtc flold it tMSintd ooly ooct. 
An ortovof-MSBltudo (vet«hly) hiftbor probability of dotteeioo c«a 
b« pr«vidod by aa utlly eeoKTuecod teuMf of ilaplt dotign vhicb 
leokA dmnl (lMt» ttam 4iti%twt ongUi, AC otch oImmc of tbo 
CAi««c tidid. 

U «My bo arg«dd CACtlcol i»o, coaaidorint cho tn- 

known iMlddneo of fatoo atono, oce., IK wouid dosirabto ee 
Mcablldli flr« pattono. That to, to a ■lation, to ao* aoM f tac- 
tion of all tho flroa praaoat to a aappod aroa. tti thto baala a 
tactical Bcanaor ahould provUo a bigh probability of aootai at 
laaat bom (aolactsJ) fractloa of all t.-trtdta in any glvaa aiaatoa. 
Ilnco thla probability ia a fuoctiea of tb* mabar of tarfato, tho 
canopy danalty, and tho nmtm of trlaa, porforaanco prodireioaa 
mot bo founded o« atatlotlMlly pUnnod toata^ which havo aoc aa 
yat baon carried out. rurthvr, as to the wakt cats, avfflcHwr data 



oD bachfround cffccti «p.d f luciuMCian* ^ and on ch» •catistic* 
of op«r«cioiuil omrlronMfics ate noc avalUblt. 

Ttk% ^uasclon of eparatieoal utilicy t*, again, coaplax. 
Surely, \t one aa)or baau vara *o locattd and auccaaafuUy attaekad, 
a raaaonabla afforc would b« Juatltied. Aa a continued sunralllanca 
cool, utlllcy depend* on aacurlty (i.e., count aiaeaaura* are reU* 
clvely ainpU), high reliability and a high probability of detection 
per aiialM. 

An extenalve field test prograa, pUo&ed to obtain •t«tlatlully 
valid dAta la needed, and the developaeot of an aptlaalty dealgoed 
iCAoner ahould be eonaldcred. (See 4.3). 

Tha fcaalbiUty of another application of potential value dapanda on uo- 
knovn toviroraental condition* a* follow*: If canopyhidden roada, atraaM, 
and cralla, or corridor* (baoda) of lower ground foliage dcnalty, provide 
canopy aurfaca tharaal gradianta which ^ra datectalla above background, 
tharaal i&aps aay provide indlc^klon of favored route* of travel. Tha 
bealc argucnt la that, aa in the c«*e of streasia, a subatantUl dlftoranca 
in *tnj~ture under the canopy, with no seccnd or third canop>- from tmalle** 
treee, and little if any ground covar, would exlat, producing a different 
heat cycle and at leaat an out<-of-ph£*e equilibrlwtaapersture cycle, 
Thenal aep* and coBperatur* data on « variety of foceated arena contalalnt 
•uch artifact* are needed to rreolve ehl* question. 

One cooperative aethod uaing thenstl reconnal**ance euggeat* itaelf. 
for aunple, if ■nuntaln trlbea could be Induced to give warning of Infiltn* 
tlon by lighting fire* in an unusual pattern, or ntaber, or location, the 
tharaal aapper coald be eapltiyed for bordwr or area •urveill«nce. Such 







waraing* aisht b* csoclmwd ac iov rt»k to th« tribal paopUa aod cevU ba 
vatful in a Uni parlod. If rriH«i ire bqc halpfvl or eorreetlj 

locacad, acrataftcally pUead VtaenaMaa obaarvaia could ba Mployad. 

Tht aora (aaillar, ahort-ransa appllnaiiooa of optical davlcaa tn 
baiclaflald and approach aurvatlUocaf nbuahiim, aod tmrd, and aa waapoa 
•Ifhca have baan aaaaiaad. Eklatlng asulpatne la lanarally imaaciafactofy 
for SE Aalanantl-guarllU oparaelona. What la naadad^ ainca tho auca-of> 
cha-art la wall known and raaaonably pradlctabla for tha naar fucttra, ara 
carafully cenacruetad raqulreaaaca, fortlfiad by aulcabla backgrouad 
■aaswaaaaea. 



Miff 



3.3. lJd»r 

ttfltcil«o on currant Blllcary r«d«c prPfrcM producad tw iimma in fto» 
■AstDf o«w |u«rtlU d«c»ctl«m Mthod*. Dm fM«ibiUty of a MChod propocad by 
^durcv^c^ flovoWloc an MrUl •urvvlllaact r«d«r to d«c*ec acwd ftnoaa^l in 
d*n«« fortftc}* d«HB^d * v«rl«ty of io^Joimm prep^t*'^^ factort. A aot 
bMic «xp«rlWBe« to r«»olv« th«»« mn •ugtaacod. 

Ob« int«r*«tlnt poialbillty vhleh h«« not b«an vory carofully auaUod, 
1« tU: ot contcruettns • puli»-i«>dui4t«o doppltr rodar with blgb cluttar ra- 
JacClen, for uao aa an aatl-anbuah davlca. TKa arguMttC la aa folloM: tea 
coMOnly accepted roquUaMiic to a^uab altuaclooa la that of rotuntai a^uah 
lira aa quickly and accuracaly aa poaalbla. ma la iOMtlaaa vary difficult 
u ttw attack is controUad, iuddao, and tbo atcacklni uvapooa ara blddaa in 
iweurdl eovar. It la coDcaivabU chat a ahort-ranta radar could b* built iitiick 
wouU rapidly aad praciaaly locaca aourcaa of flra froa trajectory data on 
mil trM and autoMdc wapoa flra. roaaible character lot lea of aucb a radar 
ara Bivan la Sactioa Although d«t«-proeat*lai probla« have aot baaa axa^ 
load It »aaM poaalbla to coupla thta lfldle«tleB ce a auitabla flra datactot. 
1lM advaataioa (in raactioa tlM* ote.) hava aot boaa osaalnod . Tha aaaa 
radar aiiht ba provldad» alao, with a aortdr oholl trajectory d«tar«ioU| apda. 

A radar with thaaa faaturaa aifht alto bo adapted to halicoptara aad. 
With aoM aodificatiea, to lov-flyiag aircraft. 

Miile ae vary poaitiva atatOMata eaa ba aada about the faaelbility aad 
valua of thii typo of device, it cppaara that tha tdaa dacervaa further euAi* 
aatiea. 



lAtfar w^plag to dtearain* (tvetsd rout**, cv«iU, •tc, woiild W iac«r* 
••tint, U r*Miiil#. A» in tlw alBlUr U arrlic'tiM m<1 Mtl 

iuggtttioa, cbu pptslblllty rMCt oo unliiiwwi ^r«HI>tlw* backgrouitf. cad m. 
vlroBMntal factora. 

tuck aacl*H'sw>*l aad baceUfla.'d aurvaillaaca radars as ewld ba atu* 
ditd do not aaaa parcteularly uatful In cba opctraeioaal codcosc of I.I. Asia. 
3.4. Aeoaitl.:^! A tooohytol 

Acot.«clc aad tottnie dovtc«s hava bean tuigadctd for uiia as llns and ar«a 
■DaicorSf iBcrualOB dataecora aod la JuatU cracklB|. Goaaldariat cba first 
CUP usaSf cba priaary problaa It cbac of yraaratlai valid raquirawBtSt spool* 
fylaa cypas of oparacloa daslrsd, aad obcaUUc aufflclaat daca oa car|ac alg* 
asl/baekfreuad raUtloosblps to justify dasl«i apacifieatioM. Ochar thas opar- 
atiOBBl aod aaviroaaaacal unknowns chars ara aot sufescaatial rssaarcb quaatioas. 
Ad Iscarasclat daclsion problaa is utetbar tc cry to utlllsa aaciva ■acarials 



la cba iconscructloa of lew fraquaaey aceuatlc cpUaetm or ^to rsly oa tbo 
acouscics/alaccronies arc as davalopad la cba 0.1. A au^ar of idaas hava baaa 
aaaaiaad and dlacardad for usla| acoustic lascnMBca In jxm^U tracklnf «r by 
patrols la abAsc*!. 

Mantle datactioB of scorad aras, bttrrew, or araad parsonaat at 
bast. Just aartiaally faaslbla* Vrasualai a valid rtqulramt for chls cypa of 
oa*slca laspaecloa, ic hIIa W aacassary co aako aoas slapla easts co ostabllsb 
porfotaaaea and value of a faw portable lascrvaaats. 
3.5. fi^Ht 

A faw aoB'claaa If labia sunaacloaa havs baaa aada* Gaaaraily. Cbaaa hava 
aot baaa aaalyaad but ara af farad balow la cba causa of coaplataaass. for 
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9>HpU« i«Ut«d ca ti«ir4tc •urvtilUnca pr«bl«M, •Eiaiaacton cf th« coyonrapnir 
•( th« rtgion At Che cmlttM to th* Ho Oil Miali trail ftorcltiMrtf, rsvMit 
«0 utrcMly cuM'd c«fr«lB. Ic imlUcly that thtr« can b« a grtat wiy 

•aay reutaa of aecaaa. Fotilbly, control of oatjr a ralatlvaljr aaall fraction of 
ttw bordar in thla araa, at critical polnta^ would great ty Incraaaa tha diffi- 
culty of fuorllla Infiltration. 

AppUeatlea of acouatlc or calanii: dowivaa lu tiall-awnliurlBg u n»H 
favorttU aacaiua t»f the great iangtha of trail aad aaaoclatod loglaclca« coaCt 
and data-haadllng problaaa. It baa baaa auggaatad that naeaaaary wira Uyleg 
ba dona by aircraft* anto tha sraa top«. tf, ai dlacuatad In Saetton 6, Mt 
■owtala araa Jungla tralla 11a along vldga tepaj ylaaa wlra-laylng aad acouatlc 
aurvalllanca of aaaa tralla alght bacsaa aeoaoBlcally faaalbla. 

Cenaldarlag tha uaa of lalaaic davleaa thraa poaalbtlltiaa ara auggattad. 
Ihaaa ara; a) a aalaalc village alam by datonatlon of burltd asploalvaa; b) 
datactlOB of burroM by asploalva aoimdlng tachal^uaa, and c) canal aonltorlag 
by gaophona. 

Tttt uaa of eontrait photograplqr w BOBltor the auecaaa of erop-hllllog 
caanalgna taano raaaonabla; and tha poaalbllltlaa of davalopaanc of apaclal 
daca-procaaalng aqulgaant for tharaal aapparo (a*g.f to produce ta^ratura* 
contour aapa froa tharaal acannlng) ie an Intaraatlag araa for tsplovctiMt* 
3. 6. Jgggs^iBgg 

During tha etudy field aKparlanea iHth Zl aqulpaaat ma oxaalnad In aaao 
detail aad le reported In Section 7. Avnllabla raporta of teeta of allltary 
auna 11 lance gear vera ecenned and era diaeuaaed isdar appropriate haadlaga. 
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1^ •»■« -'4^^ 



In adtficlpo, Mftnsa ••••arch Corpor»(iQi« p«rclclptc«d In • **qvlek-(U** 
•^I>*ris»f>c ffrfomvl-tmlte 4e?efei9s, smd hid xn sbierver In Opetatlon 
Troplcaa. Furthcnerv, tUpU laccriMncatlsn for • lialctd^raae* «iivinm- 
■Mital m—utmmta. (caaptraturc eyelet, betKoa cend&ciont, vtgccatloo, sec.) 

CDTC (TlMlUnd> on paddy and klona charaetarltttca, wna aaaaablad and 
ahippcd cogathtr with brief pUua for typical Maauraaanca. Prior to cba 
delivery, aa a quick check-out o£ the te»peratur« ■csaurflaant In^crtaanta- 
eioR, the dlunul variation of the vertical tCBperarMra—dlarrlbutlon in 
about Iff' deep freeh water i«» ■aaaurod. In contraat to the pradlctleoa of 
Cba early ealculatloo (7.4.1.2) these check-out ■oaaureBOota ahowad a aaxiaia 
tanpcrature excuraion, tbroufhout the depth below about 1/8" fro« tha aur- 
fact, of about 1^ around the noon houra and, hardly ■•aaurabla ('•0.1*'^) 
excuriloaa during the reat of tha day. 

A» una pointed out in the brief plana, and In plana fcr baalc-daca 
•xparlaenta (Section 7.4.2), the thataal radiation charact aria t lea of wacar 
ar« dataminad by tha radiative properties of a thin aurface>fila; (i*a., 
its teaperatura and eMinlvitv ). The apparent abaaoca of a relatively large 
taaiparmcnre«cxcuraloa in depth should nor be regarded aa concluaiva avidanca 
of the abaaoca of datactabla paraoanalnokaa . 



Aa thia raport la being print ad, iofoXBation friB CDTC (Thaitaod) oo 
partiaiaary klong taoparaturo ■aaauraMota have baan racolvad, that ■••■ to 
coofiXB tb« chack«out aaaauraMota. 
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Svctlor. J. 4bovc. vunuins a 4«.'Sb8w> u( dectic ti>'n nwthods and technique* 
suititi'sCi'U iot posttblv jppllc4iiiin to jnti-tiucc llU i>pvracicr.s In S. R. AalJi, 
nii« svctitw prw«*dcs J CMiclJ* listing o{ studiei, rea«!arch and teat ACtlvltlet 

p(i>vid« cW ddta ttwcf«ftrfty for cttinuttnA fvaaibillcy and opsrational valiw 
of the Su|(B««i<d ■ppU«.4titfnj. 
4.1. fUi Pyttf9UyB 

The Contractor ha* wwry itfrloue dnubii that exiiclng llne-acanning chcr- 
aal aappera used fpr obttcvatitfnal dctvction of firea wiit be tactically weful 
againit \*ery den»« canopies. Current tsparlMnial rasulta, if vcrH«I reports 
are correct, ace uwt fully underatood. It Is suggcated that the following type 
«f pregr^a is neededj 

o A collection prograa for photographic and Illumination data on the 
variety of S. B. Asian forests, to arrive at cover density and dis- 
tribution ranges. 

o A crArlcrirel analysis defiaiog rcquircBsats for statiaiiiMlly amM* 
ini^ul f ir«-deteccicn field tests cunsiderlng widely varying canopy 
denaities, single* and aultlple-look scanning. 

o An sjiasiuai ItMi 4if the cactleal advantages of a chetMi Mppnr which 
looks several tiaes si each eleaent of the tat set field froa dlffennt 
look angles, and &wnsidcratlon of the short-tcra procureaent offtsuit- 
able test ite.*. 

for tndlrr^t dtf '.tion and ruttural Eradlent ■e«<ureaenf 
o A prograa to collect data on teaperaturc radiance, end reflectivity 
(and tUtr fluccuatlsns) of Uik "top ■urf^c*" of a well known dense- 




^ Mr 



to*v«cy 4«nM c«apyy mitt v«rylat mcuvaI co»itKi«M« A cllff*i«^ 

•c«tUrlog MuU b* «6h1m4 kjr »ff"M|l« wMiicawttU of llliMlM* 
tioo dut to % wvckU c«lltMt«4 aomrct bcMStb tfm cMOftot. At 
•s^rtmnt sbMid Ucludt w •ttc^t to Muun aurfAC* gndlMCa 
iiw to il) AO ufMisrlytof h«oK oourcOf ood <1} oodorlyiag dloooBtt* 
■uiiiM siwli «4 oKroaao* r«o4a» and crolU. 

o A «tii4y of tho (oasibiilty «ad opacactoul valua at ounraillaaeo for 
«ooptratlva (traa (bMcooa) to bavrfar caatvol an4 alaiUr ftctivitiaa. 

Sha Caotf actor baltavaa tbat dataetla* of paraoaaal aaMaaota io ftoodod 
Uoda, by aarUl H oa^lat my ba faaaibla aai of oparatioMl valua. Iha fol* 
laiflns eyr* of prograa U raaoaaaodad: 

o A baalc aoaaurcaeota ai^artBaoc to aatablLab cba oscaBtt istaMlty* 

I 

mi dwraciaa of pradtotad phaMaama. Iba nfnUmut auisMtad to 
•toyla aad diraet. Ttoa-forlad, potac-by-potot radloMCar Mpftoga 
ef cba avrfaea ef a control ltd ro^l Muld ba ooda. Tha affaata of 
eaatrollad ^*»reduelblo dtoctirbaneaa, alatlor co choaa aada by ntd- 
to| paraoBDal, oa Kba afparanc t«ip«ratura of cba turfava would ba 
datantoad. Iba af facta of a vartocy of bottoa aicartoto aid oatursl 
grouch, tlalUr CO thaaa aacouocarad to t.l. Aatoa fl o edad Uada> 
would ba aaaaurad. Uatar coadltlaaa, cltoacic« aad aataorolottoal 
vartobLaa wauld ba racordad aod chair affacca aaaaaaad. 



m 

CoBttbTTMcl/ With KhU t«9«rta»DC, t( obcatiubl* tc MgltslbU cmk, 
m^a ef rccaacly JUImM Mctiral fo9i9 would bo obtolood, uolag 
cho boot olilp-Mko aopplot toclmiqvao. ThoM toots, vhilo ooe com- 
cluoivo, would build up « voluobU cotolot of field OBporldoco la 
awch oboorvattOM. 



4.3. 



Vl.b roopoet to radar ourvolllaaco potoatUlltloa rho (oilowiag typo of 
progrwa ia autgoated: 

* Vropagattoa and croaa-ioctloo osporlmta aoMaaary for dotoiatolag 
cha faaatbllity of DOS. 

«> A atwdy of tho foaalbillty of pulao-aodulatod doppUr "oatl-aMli" 
radar aad f tro<eoBtrol» iaeludiag aortavloaatlon Mdificacie«» 
adaption to hottcoptora, and probability of opplieatlOH to portlaoat 
iriagad aircraft. A cwpaaiOB atudy of oporatioMl faetora to dotar- 
•iao asti-a^uab aad dofooaa ravuiroMta for oyotav of tbta typo. 

o A atudy of tha foaaibility aad payoffs of loag-wavdloogib radar aapv 
piag of foroatod araaa, aad plaaaiag of critical osporlmta. 

o A fUld atudy to dotoraiao valid roqulrawata, if aay, for aati- 
paraoaaol radar la g.l. Aaia. riaaalag of onHrinata to collect 
ooooMlal data. 

•cudiao ladar tbla CMtract iadicato that (1) tbo atata-of.tho*arc ia 
aoMitiva acouatie aad aaiaaic dovicoa aad aaaoeUtad alactrsaiea U such tbat 
cay raaaoaabla iaatnamt apacUicatioaa eaa bo quickly Mt aad pcrforMaec 




r 



rnrftccttf •cearacviyi (2) ctrcaU typtt of teuBd celUctora «nU ^ butlt vlih 
BAClv* MCsrUla, buc I.I. Aa'an caMbtUtv for aaaorlated elteerettlea fatla far 
hmXm O.i. aeaadarda; (J) ^rforwoce o< aaUcctd iaacrtMatattaa la hlfhly 4«- 
pam^tmt m backtronpd; <*) evarall auivalUaiica capabtUcy In ■ articular af 
pUcacio* da^Dtfa acron|ly eo tb« mo4% of aurvtiUanca aalaccodi (S) wldaly 
dlffcra«c aodaa of aurvalUanea nay ba naadad in dlffaraat appllcaclOM, tarftt 
al^l bahavlor la ^rly knoim, aad backgrounda hava net bttii aoaaurtd. Qb thm 
baala of cbaaa fiadlnca tha protraa prafarrad would run aa givaa balovt 

0 A flald acudy to difloa .•sulraMsta, If aay, for Uataalat (acoiwtlc 
and Boiaale) auryaiUanca daricai U taraa of tyf of aunraillaaes, 
dacalla of aodo of oparatloo, onratiaaal faccora auch aa tlKUt/ 
paraMoal, aalotaaaaca capability, ate., aad aovifOOMntal coadttUM. 
o A follo«rlii| flald acudy co, if naeaaaary, cellacc ra^ttlrad data on 
local aoiaa anvlroowata, tart*e cfa«raccariaclca and ochar aaeaaaary 
aavlroaaancal data, 
o A ct^aaloo acudy to daflaa apoeif icacloM for aquipaant to Mat ra- 

qulrnaaca, aad racesaad D.i. or local aoureaa for a^lyiMat. 
0 lacaaaary taat aad avaluatloa proffraai. 

With FM— ttt ——He etloa^ 

0 A brlaf aurvay to aatabUah tha validity of tatlMtad raq«ir«Haca 
aad iliipla fiaU taata of taofhyaical proapocttac aqvipaaat to aatab- 
liah tha carraap aw da ac a bataaaa raqatraMta aad abtaia^U dataa- 
tlaa raatoa- 

a Zf ajcaaaary^ tharaaftar, flald aaaauramta of aapMCia aaaaaliaa 
aad taaparal (luetuattana la tha far bit. 
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4.S. 1 Mirr II I aiiwMl Co— nt» 

Oft the baiU at ttuJy c*4yi»«wHla, ayrUcabiUcy oi mitKUii sfMp* 
■tni aad «if«rUM«» tad pecancul applieatlent of a«w a»thods, a ttc of apse I* 
ric tiudy aad raaaarcli prosraw hava btan •uifttcad. Ihaaa ara iB tba timlU 
of Ufrtraa, radar, acouaclca, and laephyaicf. Soaa of tha achar raquiraBant/ 
•olwCi«>a coabiaacioia irtilch augtitc thaaaalvaa eaaaac ba avatuacad wall aMufk 
IrM aval labia dat.- ;e jiHtlfy fin raeoMandadODa. 

It it tba Coaeractor'i faallitg that a braad but quica datailad ayataM 
aaalytU af cha conflict, ariaatad tewarda dafiaUf tpmcitU dacacttoa, aimil* 
laacc, aad raceaaaiaaanca raqyiraMBta, and carried out Urikiy in tba flald, 
ii aaodad to achlava oi|Bif icantly aort proirccc in rhia araa. bfarianea vtth 
oparational factera, aad datailad data on oparacieaal itatioclea aad anviron- 
■Mtal coadlcioaa ara aaaaocial iaputa to oucb a otudy. 

M au^la of cbU naad ia illuacratad by tha lack of datailad ira^uira* 
■aat* fat aurvailtanca aad incrvoien dataetion gaar for protacting outpoati 
aad itratagic haalata. tt it nat kaoM tfhathar vieuai obcarvacioo li cuffi- 
eiaat or idMthar docaction davieaa tiould have • definite payoff. The relative 
advaatapii af aco«atlc, latrered, or radar for chaee purpoeei era unknown, end 
Ue influence of operatiopel, enrirenwntel, and civil fectore hae not been 
enplored. 
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5:11 nxiurHv 

'.• j-r.'.'ii** J .i>«f-.! bi»lio<r«phy %t. juirritla u.irfjrr 

pr.il.-ipr..-. 4r.d operation*. Other (tent tif gtncral 

;r.;«r<*; ace ;rclui«d. K^tt ^"f t^r t^ursre* "nrH<4 w^rc cont.uUtd bjr th« 

r«» . .■( :::« a;;; i.^^r^p '^v doe* .ut r«p«Jt tni n»ny rcfertncrt cittd 
:r. x^.t b^i' si t^e ;«xi ar.j *.!.« appen^ice*. Thlk «ccoi.r.t« for the p«uctty 
:{ technical a-^r:**. -A <r<attr nuo9tr «ourcet were consul ttd m the 
;r.< ..T.'.rj:: r.;'. vcr,: purpjiely coiiisJ {iw-sp liis d;:iiography 
cr :h« i7o,;r.ds t^«y were o* t.o value v/hattvtr. 

5,1. fh;lc«;phv. S:taceiC> and Genera l Tact let 



C:«p, He Cuyer.. The Great Experie:^^^ ci ^ <X . r fa -t; 



r.c Leatferti-.ln of 



Araaa Strwaatt ar.e »h» Juitdm^ of Revului toturv fcri.ai (Htnol) 
C:iff::h. S.?. Hi.; Taa 7>.fia or. ;>«tillla Warfare S.i Pracgtr 1961 
S.ivara. CI'*. *.»r;Ha Var far* MR Fr«ki. ;>.-. iVt; 



i^wier.ce. T.C 
rtctrior.. M.C 



Sei.er. Prllati of WHdem Doubladay 19J8 
S»;»;tt^ W;r*i I V I-:irr.ji ivjial Public: 

Ch» Gu'ivara 00 G>»er; lla ^ Waf fara S.r, Praaser 1961 
Shi!-. ViitouRt. Dafaat ir.tc vic»oi" S.Y Dav:^ »:Uy \*i*>\ 



>4f I -.tar. Ocerat iony Flalc Service Rt^i^lac lona, Rtd 
Arr..- '. C.-.apter X'-'II 

♦Hr.'-J l : n Ant 1 -Gut r ; ; ia Warfare 'V'.m Mtnh Nnnual/ 
i^iiecm Miliia;re De;. 'L iiole d'Appllcattan 

w« ; :.-.i«nttr;e ee Satrt' itMiJient) 
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■ il Rgv.;l ;jr.J : ■ Strjcritv Pi ;n«:«t«,>n, Center 



?<sd<rn Oueriil* w^ifj^e Free Preti of 



H:'<t:^.4, f. 0 . Se:r<; Kgrces Uneon. Faber And Faber. 19S0 (Techniqut 
ur.5ergroi.r.a fcrect derived from history; "brill '^nt*') 

T«rxas. G*cr$«. Cj3:i.r.iit Revo; ut ionary War**r< Prae^cr, 1961, $5.00 
I The V;tcs:r.r. ;r. Ir.dcchtrui 

S , '.*. J . General St-jciet :f Specii'ie Areei 

5«r:cr.. P. . Seliess Oaerational Aipe^ti Parami 1 itairy ^ Warfare 
Thrte Alia Area» OKV'I'iid Au«. I9iu ADYbjn 

S«:l«2:r.. Jldarlcc S . I r. ^ Hu< Ca^jatjcn it. tr.e ?nii«pt)lnei Manila 
y. Crlc?: tr.i C:. . 195«i 

3«^:is:a. A. U%t Ctntral Luton CuerilU Mil itary Review 

22-2' »tortr. 

Crivf::- ni-.-.t: . Tr.e Srrr ?1irW»^ ?l3'.iy< 1--.^:-, Harit-Davij, 1918 

D^'i^l**, '«:i:;*zO, >:ort ^ Fro w «fc!av» Doibleday, 

Rar.sy T . T it h. N M. i -. / Pro^f-cted Sii^tion Scei. af lo 

5.Z. Aala ORG Staff Paper 'bRO-SP-lii* JanT i960 Sec. 

P>e, L. . Guerilla Csnauniia m Mi lava Priniaton 1956 

Sar.chei. J A . GwerilU Waifare in _ L i i «on Armo'ed Ca^alrv Journal 56 

:*-?<) l.l .-A .J. a: 1917 

tavocr.y, j f,, Dtatr, :r. tht foft«t L*. of Notrt Dane Pre«i 1962 

:.crtr. C-:-.i Afisa Operation* RcLwfrt ilcary Hlatury 
S«ct:or. 19)' *to v D'.l Hd. Am/ Porcea Par Ca*( 




v^^PkC • Sft^iAl Hep^it KU Uu«r11l« Warfare in Somh— « 
^» i* 

CUrk. C.E. »i Jl Etf«ct« of Hin. Mdtj< in Saail Inf. Unlti 010 T- 338 

ADI0^859 My 193e 

CiJCMtt, Anchony. Cre»n 5er?t. I»d Star Lpni^or, Eyr* and Spotdftiooda, 
(Hw.uiR9 <j*riMa» a i^cEi^al 

Gctdoni. J. C. Th« J^naie. fautral Advgraarv Aray Info Olttsc May 19M 

Ibrthall. S.L.A., Inf. Od». and Itena. Usa«» tn Korea OtO-K-13 Jan. 1953 
Winttr 1950-»1 (AD 3j*2) 

Mevcjaer. O.K.. Fara^na*; Aflti-R<«Ui P«t>ctor Kvl U.S. Aray £leecratilc 

Proviot '"'round USAEPG-SIC930-167 Feb. 1961 See. 

rh€ Rolt of Air Toviz in fatLt<an Wirfare HuMn lasourcaa 
Intticuca laacarch Study No. 6 Vol.3, U*c. 19&4 (AD74032) 

■oasicer, V., Cuarilla Vatfara teamrawanta An. Univ. Spac. Opa. Ita. 
Off tea, Ub Roftxtar Jim 195/ Sacrac 

CT Fanfan Mirtara In Horaa. 193l-ij5<t (U) 
Coaf . OSO Taehni<>ai Mpma npfUT-^^ (AFFC} 

5.2.2. Arav and ifcnna Field Ifcnuala 

FM 31-15 te«iaLisss Asatnic Irrfgulai Force* (May 1961; 

FM 31-20 fl»erationa AaAinat CyerllU Foicat (riaaaified) 

FM 31-21 and 21-21 (A) - Cuanlla Warfare and SoecUl Forcea 
^a ration* fS) 

ffWH 31 Qperaeiona Aiainat CuerllU Forcea (Hirtnea) 
FR 31*72 Mountain Ooaraciona 
FM 31-30 J;.aala Opera liona 
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1.3. tfalgc^ Var. CAi.A>>lHti»« jiaJ '•iii C«w 



lUvy fr»»«ntacloB to ch« DOB&C & 7SAC Paneli qh Lisitfld W«r 

90 October 1961 (Conf) 

L Aati T«ik W««;*r«t j 

ISNC Tntmntmtion to DDUB A FSAC FsmIi oa Llaltcd War 
Spt«ch by Cot. Aodorton o« Mortoo Cory. Holtcoof r Capability 

OSNC Praoootaelon for DDR&E & F8AC Poaoli on Lialtod War 
USMC oo Tactical & Loalatlsal CrounJ VahicUt 

CSK Praaeocacioo lor DOUM. & PSAC Panali on LUitad War 
Marin a Co rpf Co^t jbrtilbltn Vahlclaa 

Pa»oa, t.V (U) Tha Sltrra Projact ; k Study of Ltaltatf War 

Iaad~c3rpl t-SU May 1. 1956 Sac (Pocwrly D> 

PasaoR. E.V. at il (C) United Ukr In Ihailaad, Thai l,2» k 3. 

land Vorp IMa 2027-2035 Hay - Sapt 1956 Sac. 
(PocMrly ll>) 

5.4. Araa Toplci of Caoatal Intaratt 

5.4.1. *2S^ 

ta»adlct. tilth. Thai Cuisura and lahavlor (Coma 11, Southaaat 
AaUa Progcaa, data papor 1952.) 

I 

D4« So, Idt* r;iaulatlon^ Montagnardaa Du Sud lodo Chlnota 
(Saifon. PraecvMsU, 1950) 

da Youo«, John. Vtllaaa Ufa lo Mod am Thailand (Univarsity ot 
CallfonU, 1955, 15.50) 

Davlllari, P^illllppa, Hlstsirs p- o**"— <^ ^a 1940 K 1932 
(Paris, Editiooa du Saull, 1932) 

■ollaod. Vllltan L., ad., Aalan Mattooaltt» and tha Wast 
(flaw York, MacMilUa, 1953) 

Buard and Ourand, Co— iaaanca Du Vtatawa (Parla, Ii^rtM-ria 

Radotula, 1954) 

Johnaon, A. Icooanica Aaalat lo Tliatland Oapartaont of Stata 
May 19«0 

lindhoU, Vlatwnn. Hia Mrat Plva taari (IUchi|an Stata, 1959) 
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iit,»»l im^m "TK.si Hsir.lf t rit ivc Eehsvior," In HllUaa J. 
»iffla. wd.t lawnt th« Co«p«r»tly Study of fubltc Adalniatratton 
i'aivcrslcy of IndUna, 1959, 93.23) 

fmzk. Ivrna*, Add Hugh Tinker. Uadonhia •nJ PoUtfcal IwttltutloBt 
In India (rrlnctcoo. 1959) 

PalMr. HorsMO.. Tho Intflan Politic*! gyt— (Boitan. HouyHtoa 
lUffUn. 1961) 

Pvrcffll, Victor. Tho Chtnoo in SeuthtMt Acf ((klord, 1951)' 

vm», Uaicer. Tno lapcct of tHe Wf t 'ni Covcnaont in ThatUnd 
(Caltfornla. 195S) 

5.4.2. Per led tea la of fro^ucnt Intcr«tt 

Airttin 

Mia 

Any (Aaae. of U. 5. ktwy, 1529 I8ch St., R.W. , Waah. 15.00) 

kxmf K & D (CPO) 

Any lafocaatioo DitMt 

Auatrallan Ar«r Journal 

Par Eaitom Survty (Vaaeouvar, B.C.) 

Journal of Aa&aa StudUa (E.5. Aadaraon, Bok 2067, Ann Arbor, MUb.) 

NariiM Corpa Catotta (Marina Cerpa Aaaoc., te 1044, Quantleo) 

Military B«vlaw (Fort Laavmivorth $;>.50) 

Pacific Affaira (Oaiv. of B. C, VMCoimr, S. C.) 

PhilippiD* Anod Poreaa Journal (PXO Troop Info and Bdoc. Oiv. 
cm, AFP, CAMP Mirphy, Quosoo City) 

loyal Unltod Sarvicaa Zoacitutloo Journal (Wkitohall, loodon 
StfX 40a) 

5.5. Blbttoaraah Ua 

Barbar, Edda Photograph to *nd TaT«vlaton lautpaant 4 Tachntwaa 
Aaapcaola to Spaco Pliaht 
1 Literature Boareh Ho. IM JPL Dec 1959 AD 232 4«4 

' 1 
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V9ti*f OtO T ii9 Hay 19S6 AD lOrStJ 

ll«nr«han. C t. Annof ffl Btbliotuphy of A»l<n GuutiU* 
k SuUtMit. A. K. Movwnf GRO I 2(i4 July 19)3 AP 22149 



Hi! l«r. M. 4 A S«Itcc«>i ftiti 1 Icuraphy s»>i Unconvant tona 1 

$p«c. Op*. &•«. Off let 
Aacrlcan U. Oct 1961 




Springe r-V«r) Fv^din.jr.i c":ii::iicu. E^i^ >oloy t ;dla pt 
Vol. XU'IIl. C«9phvict 11 . Hcidclbtrg, 1957 

Sfcirh Ji7.mi «Mu CKifMr» The D«c»c ttan and Hta lureaant of Infra- 
f d Kadmtion . Oxford at tht Clarendon trttf, t9S8 

Prccfl«din2» of tht IRE: Vol. No. >. Sptctal U >uo on In* 
fr«r«d Plivxo 4nd Ttch.r.olotY . S«pteab»r 1959 

H. t. lU:ktcrtli. Infrarad Radiation. McCrav-HlU, Niw York 19*0 

Kni««, McUuchUn. HeQultc«n, giaMnci of Intrarad Taehnola«Y. 
John Wil«y and Sons. Nav York 1962 

Uolcar. Huoalman. Suica. UeUa, Ziaaia, Fundanantal a of Infra* 
rad Tachnoloav . MacHillao Co.. Maw York 1962 

A4vir>csM in gUecronlca and glaftran Phvalea. Vol. XX and XII. 
Acadaalc Praaa, Kaw York, 1959, I960 



R. H. Buba, Phococonductivxtv of Rollda. 
Kaw York, 1960 



John HI lay h Sona, 



froaraaa in Oatlfi. Vol. I. North Holland PubUahing Co., Aa- 
scardas, 1961 



S.6.2 Rfyorta 



HIS (Prac*adir.^» or Infrared Tnfomiatlcn S-.-sgotla) Office of 
^vai Rcaaaren (Conf idantial aud/er Sacrac) 

Tha Cnlvcrtiey of Hiehtfan: (tec leal -Mechanical Scannlna Pa* 
vUaa. My 19S8 AO Mo. 300319 (Sacrac) 

Sesdix Syscaxa Division: InfratKo Intarorata tton Man ual Taeti * 
eal Taraaca. Dacaabar 1960 AP30 (602) -1937 AD He. 326 627 
fCesf Idantial) 

HXA • (M) Ar.rctitad Blblloaraphv of Infrarad Litaratura. 
Vol. 1 No. 1 througK Vol VI No. U, Infrarad Uboratorv of tha 
Inatuuf of Scianca ^nd T«chnoloav. Univeraity of Michigan, 
Ann Arbor, Michigan 
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SECTION o 



itmotx t-.l, iioiis#nt«l r«atur«»'* (pp. which 
cnji«:ed Ur^«!y of -'*>v<fitii on a stfritfs oi aaps, FlgH. 
pp. ^. 30-e. o3>, ha« b«vn ocittM trm thii copVt awing to d.f f ii-ulliei 
r. rvuroduction. 



rht» ^.-rti^n ."f Stfctio.t ^ ccnititt* of * rtviom of «xp«rtcnc*, 
j'jjsa>.K . «ni iniljh: |jlned tn pist and cut tout (ucriiU cnnfUcc. 
Tht purpM* It to point up rhotc p«rticnl«r operational Csccort which 
My iodic«:« »p«ciaI r«qulv«Bent« for dticctlon. 
6.2.1. Hittgncal 

Hodtrn ezpcriMct ia tht 4if:lcultle» oi 4nti-gu*rltla optratlont 
<er couttcariuurgtncy) d«c«t to World War I! and the i^ortant guartlla 
ca^algna in E((i-?pt. ftutfia. Yugoslavia, China. a»i tht Phlllpplnaa. 
JLftar tha var aajor ^mvHIm conflicts occurred in Oiina. Craacc. Indo- 
china, tht FhilipplnM.. and Nalaya. Co naM a few. Of tha vast nuabar 
of books and raports written about thasa conflicts, a large aaapla 
«»a»iMrf by tba Coetraclor 4eal with strategy and tactics in^tha large. 
Vo coMSBt will be aade here on the general principles derived, «Aich 
art by now veil laowa. few accounts of operaiions deal with auecess 
and failure points in ways that art useful in suggesting ideaa for 
detailed csrrtctiva actios^ There art not aany "tsglnaarlng" books will* 
quanticacive data. For ezaapia, la a chapter cosnanting on the Vlat- 
KU& Manual one tat on partisan warfare (ref . 6. 11) coBtnts that tha 
lessons on alna-laylng and ecclrcleaent art onltted btcauaa "they don't 
add Htch to a kajwladgt of guerilla tactics". The few accounta which 
do treat the problea on ilii* laval and have been aval lab la form tha baals 
for this dlscusslsn. 

Biparlenca gained *.n HWli against tht Japatit*c in the faclfic. arr* 
in tha recant clasalc caapalgns in Indochina and MaUya seens aost applicable 



6.1! Ilailbrur.r.j 0. yartisar. Warfare Pra«4«i . Hew lora 1962 
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to Ih* S E Atiat) ;>robl»n). In o>o*i report* gii«rllU wjtrfar*: Is r«feir«d 

to unJcr »e««r*) UnJ -■-'nwtim/s ml» leading) heading of "Jun|U w«rf*rt". 

A »cod en8in«*rin| bibl i.»gi «phy pf Jungle warfare pieparcd by the U. 8. 

Atwy Artillery attd Hitfttle School Library, (ref. 6.12) 

One of '.he most infonaativ* of the book* found on the »ucta«e of 

various "detecii.m" te^hni^uei in antl-gueri lla operation* under Jungle 

conditions t» by a Bricleh Artay brigadier who caasaadad a Weleli battalion 
In th« Itoiayan Energency. Tha obiarvatlona which laMdiatdy follow ara 

•bacracteU directly froa his text (ret. 6.1?). 

Tha flrai obaarvatloa o.^- b> ^-'-^rt i? that "It is the steady 
Iscxsrabla i^ueesc by a larc* nuaber ct troops *i!«.i«'«ii#nnaly over th# 

whoU country which doai tha 'trick'". (It U pricvaaly thla factor which 
la ao dlacourailng to tha «aat. In auccaaaful, antl-guarilla caap^ljna a 
vary Urgt ratio of troopa u»!ar ana to active «uerin«a have bean naadad 
for lonit parloda. la Halaya, for azaapla, It la eatimaced that approiilinataly 
333..O03* Mn war* placad under araa. agalnat a sualnua of aoow 8000 guerlllaa. 
My iy33 tha coat had raachad 700 niilioo starlmy. Tne K*l*yau ZuN»a«»«'> 
laataa naarly 10 yaars acd la tatlaatad to hava cost In all about 6 billlor 
dolUra.) 

In tha flret pnaaa of tha tMrgancy thera ware p=rha?s 8000 CTa. Oti 
tha avaragc of one Brttlth plantar and many mitivaa were being killed v^t 
wmk. Tha rubbar Induatry had baan brought to a atandstlU. In 1952-5&, 
with t«?lar a» High Caaalaaionar, Cr*a wara raducad to laaa than 3000. In 
1933 tha third phaaa bagan with CT'a largely broken up In anall, laoUtad 
taogSj fighting ft praaarva tha Bovamant. 

t.l2 An Annotated Biblloitrat.hv on Jungle Marfare No 28 (AD 263549) U. 8. 
Arvy Artillery and Kiss 11a School Library, Port Sill, Oklahoma, 
Saptc^er 1961 

6.13 Mlers, I. Shoot to Kill Paber and Pabar, Ltd. London, England 1959 
/written in 19S5) 

•(4000D BrltHh ai^ Caewinwealth Troope, 43000 police,. #»id 250,000 part- 
tlaa Hooa Guarda) 

6.18 



Th«r« v*r* ♦till &»♦•:»•• Jt f f i»-itlrlii'« In Johi^rc, tor rKi<fl«ple,. 90X 
,71 tMn*f« Villager* vtr« eiilint, ihr terror iati. Th.. :^l!.-wjng obturvacloM 
«rt ot p«rticai«i interc»t: 

Ift Junjtt* Op>T«tijn« 

^Vmi of thf opfr«tioni w«rc in th* JungUf And avdmp* which eovar 
fr^ii -fifths of H«Uy«. In J-un Jungle p^troU mii wclkcil in tlnr^ flvt 
y«rds aparc. cht Uai aan Icokinc ahead, the next tvo wn watching Left and 
right reupcccLvclr. the fourth nan watching overhead, and the fifth man 
wacch-.ng (he rear. 

'Firea arc dangercrus bccauac the amokc.. trapped under the canopy^ 
la detectable at cocsidcrabU distances. 

^At all tliMs (perhaps for several weeks) aen apoke la t^hlaperi, for 
Ti>ices carry far In .he jungle. 

"CT Jungle ca^s were occaalooally aurrounded by carpets of dry 
pala Ironoa to give warning of approach. 

^CI's could not ?'tr on '-<viUan cloth«;» and enjoy a change of 
aetnar/ fsr a while. Special Branch coverage was too sood and the pallor 
of thtlr ikin* froo long Jungle living would give them away. Even two 
"Mka ia the aunless jungle will be distlguishing. A nuUltude of llctla 
acara fro* inevitable jungle sores are another giveaway. 

*^ror asbuahes great pr*i.aun<ris are taken->>-even hair craaa sHiar 
b* waabed off a* the oativea have a keen sense of taeU. 

^oe CT's aeveioped an aniaai-ttaa inacinct tor danger and nada 
graat speed ia flight through the jungle. 



4.19 



*Mn W*,ut ><« r/vi U<t-) ^tf.'tt* i;..-wrver. th« SAr«w«)t (B.Tneo) tractceri, 
in favor«bl« ^ ircuavtancr* . c^h^U to I low d CT for d«v* on end. 

*In helivopt«r p«troi ix w<» dttrovvred that • very large nu»*»r 
of SMll ci«<irinf» txikt«d. «c Ur(« anoufh to pernlt a man roping 

dcwn. 

parrollint i rvnclct (boui¥i«ry Una cut through th* jimgla) 
autoBMtlc vt#pon fire and single rifle shota war* heard ••••aatina tad to be 
3000 yarxi* away. 

*rhe Jungle riven arc often hidden by forest canopy closed over- 
head. In Che surrounding swaaps undervater bridges are concealed by the 
71. Is svaxps troops always B«ke conslJrrable nuise. 

^Of aany good i^aas the Corridor theory was the most rnfardingo- 
Chac the CT would favor the easiest rr^j tes when moving through the jungls. 
Za ooa operation all the bes: routaa secnad to lie within two half -mil* 
wide belts leading nor;b into the juntl*> The ratio of contacts to patrol 
hours went up markedly. 

On Ta>i Cwatcol 

*^very?*e of the 50,000 inhabitants in the area would be physically 
ftarehed every tiae thay left ihair viilagts. 

^To the CT rice U a must used in sons form at evtry maal 
or physical stamina decline* rapidly. 

°lle* waa pourtd by aympachisara . a handful at a time, into buriad 
glaaa J«i*. 

Ad4itioMi oplmloa about Jungla warfare ia gl^**"*** several 
ethor aourcas: 
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itT.iilK ".Tiir. ;r. j-r.^l.; .^.-.ili iih-.iv* - 1.1*^ st-Rd.ri nigac 

''Pr}=.*r¥ j-^nflv vi*lbi»ii>' i< ivmiieo i»» JO - 30 y^td*. (kt hill* 
fcliif* t» liilr.. but in v«li«y» vrry Cmtx^t II i» n«v»r lrapa9s«blr to 
Iftfartry. $«ccn<i«ry jun«i«. which tt growth ov«r previous cl«arln«*, !■ 
prlaArlijr v«ry dcn»< f»m bTmr^--:. l-^tnetrablt without cut tint 
iMCnwntf In co^se*! Junfl»». manfrcvt «VK=p: (» • 8 ft. kunai 
grM* autt b« v*lk«d around. tcntrAlly through v«tcr. P«ddy fUld* «7« 
difficult In r«idy it«toQ but not ieip«»»abl« to troop«. Rubbtr plan- 
Sltion* whan sAt\iTt. glva up to ZZO y*id» ground vlaibllity. 

dorsal jungU tounda «od aMlIa ahould b« Usrnad. 

"Slnca Junglt. because of poo* vialbiUty. favors cht atcackwr* 
• puraiy paaaivt dafanst is doooad to ^Ailtir* 

Eaf. 6. IS 

'^la night defense cf oatposkS iind coamunicias th« trip flart is • 
very useful aid to •haotlng. 

^ha sast sarir-^t diftisulsy wis inability to cicabllah contact 
bacwaas the «ir tiasast ai^ tha surr^ca altntnt oparating under iha cz«« 

^li Inaact repallant is applied to large tunbers nf mmn it* 
coarse tens tic taail is uBBiktauoi*. Usually., nowaver, the danger of 

4.U Sc'ti ;r. J^nal* Wariart .Htnisrv lavuw 24, 99-101 August 1944 

6, IS Tralr.iri Jur.aU S^ot . AuatraJ »sn Amy Journal !00. 2*-28 Sept. 1957 

6*U taaoft cf InvlronsMinfl Operation. Ifoptcal Wee IfhO, U.S./.ray 
Zranapoi lacioo ituard ft. Cuatis, Va. tAO 240)221 j 
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SifveAlir.i: v*h*i >v tinJiti ncvtTKnl tt> «Vt>i>l bite* i» th# %T»»t9T , 

«nd IX I* .^Ily brill r to av^U- tht rvp^Mrnt. 

"^AM vt*p.^7i* «h,«ul.l bv «..-kir.i. iliv •ound , ev«n ftun half tuck 
t)^^*!!!!^. VI 1 1 w«rn ihr vit#w- 

R«<. g 16 

^hitp^rtn^ t» hjrc on ch« voi^* atvl lt»U Co ml«undtr«t«ndlns» 
«n: ■h.>jU b« «vot<a««i in l«vor of lov t«lkin|. 

^\«rvMn4 «i;rc«ft v->pvn p«J4y UiJ r«ta*d cioud» of wuat. vttlbU 
for ail«t> 

''^Jjafi* «4f thin cm rid|#« lep.'rslbly rhJcV <*» rhaunga 
K»f 6. -.9 

^Trall lunitloTtf •-. gitnvrcUy provid* th* only tvcnua a< 

coHunlCAt xaat . t^pply and tvacuatlen in • ]unsl«. 

3i»tLn4^L*h;ns bccvctn toall and lit^t en«ny unlca la vary 

ia;>9r:aat i& caccUal planning. 

^J.«nf»« r.atiaa art quicniy itarnta ana mcarprtiM. ( 
Vivtaiiit to final objectiva wat altaoac anelrely by trail 

"'in xany piacti «*n had to ztv* for many y^rda froiR vim- to vlnt, 
vlt^?-• T-^-cMr.! |r3,iad. 
laf. 6.20 

°Hoat jungle t*rr«ln U vary rijifca — with alt«rnacin| swaapa, 
«:aap vallaya ana ^tt«^ ri3|tt — aft*-r aavaral Mn walk a trail, it geta 
■Mcsy aai tiipptry. 

(.17 Atitein. H. S'i— Ihoy^hia tn Awbufchy fc la Ttupiwal Waff ani 

Aaatrallan Amy Journal 
ft. 18 rar|;^&5r. I Sevens the Chlndwln Czlllr.-: !'Jfc5 
6.19 Co^at U»»or.> froa tha Junila Infantry 12* U Mar-Apr 1962 
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''Vl.f it*t 4vtiv.:<» truvrl jr« hImx^ tUkvh «nd ..crost ■oddla* — 

"Kjp;! ch4ns«t In Jangle fei«tjrc* Quickly obtuUtf iiHi|*k. 
'^Ttij virtt --- r^ctler*. vlncA. or fUrvt (for dcfenslvt 
potlticn>. 

^A«rt«l r«t;.tnn«lfl4r..:» wiil tnow crAiU — buc vill dtflne 

CO low vlnd rslocitios b*n«ath canoptev. var^ri, •mok*, etc., 
dlffiut slowly. 



6.20 Jun>!t Op€r>ttc»ri< 



tSA rutd Kanu«l PH 31-30 
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AM fiimpmi, iiut\t». And high caD^nkoMrntt «r« f«vorlr«- ear* 
^rti for «abu«h. 

Thf V itft Hinh«-op«r«(«d «f«lnsr BA't w<ch only «n ■••<ulc group 
«nw i a«»>itti4ii group «nd without the nurmcl reserve group, 
c In ltaUy« ••xiel re conn«itianc* ranked etcond in loportanec to 
trAacpktrt -••th« BrUith f«vjr»d vlc'j«l (cykbjU) r«coiuMita«fiCtt 
•» »o»c rcUablc. 
e Pilots in Indochina hsd to search for underwater plank pacha, 
e In Indochtne the Frvncn -if^d llilson planes with convoys to apot 

asbv:sh. The ananaed planes were not helpful. 
0 nic Viet Minh gave highaac prierlry ro raids on alrflalda. 
lha {eragoing eicarpta fro« a variety of aourcaa aarva co glva a gaaaral 
patfam of iajuDctloni wHich are erpHuable iw li.e kind of warfare now being 
eacouatarcd in SK Aaia. Vo apceiflc Bntion waa foufid of any advancfd elactro- 
•■biMiiiuai a«(«ciiwn gear. Even iiatening devices apparancly wara not anpiisyad. 
Obty occasional refar^nca to It nlght-sighca is found and thaaa ara navar fav- 
orabla. 

Tartous kinds of crip flarts and other devices were enployed in aaAuah 
and at protective devieas for defanaive encaopaencs. 

Ilia closaac approach to apecial efforts of the type conaidarad in thia 
report were silitacy dogs, aa trackera, with which exparience waa poor: im- 
ported native trackers, with which axperlanca waa excellent; and cooparaciva 
tachniques involving visible aarkera, with which only occaalonat auecaaa waa 
attained. 
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Th* .ict.;«uhr*« Afsiy •*>•»« ^Us.kKH.'i aan uud«c «rM. in 4tJ(^itlon (hert ar« 

pUtvd m 1962. adding »OMt ^1*0.000 tnhabli«nta to govtnimcnt concrol. 

Vi«cnui*«« .pdpuldciun, iocludtng ■ov ttCO.OUO r«fug«M froiu North 
Vi«cn«a IS CSC lasted «t li.SOO.OOC. nxdy in ih« Annia eo«tt«l ctfip And tH« 
)Wk9n$ 0«lt«. Of this populitiim SAtgcn'Otoljn h«« 1.8 nllll^'n, Hu« ]00,000 
and lour AS* 85.000. 

C3apr«hcnAiv« r«portA on spvtAtloiiAl •sptri«nc« in th* current con* 
flict io VictcAB hAVA ncc b<«n QbtAinvd. Th« follnwing opinions or abservA- 
tion* wrr* sl«Ar«d About eqtulty froa tcAttered reports, n«vA correspondont 
Accounts, or froa r«c«Qt trAVAUrs to thv rtglon. Their ACcurAcy And gtner- 
Alit>' cAanat b* vo*.ch«d for: 

o vc gutrillAs Attack rtaote villA^vi ^Ith UctU vAming, for 
short ptriods, And ^r•Ak off quickly if VN forcoA AppsAr. htf 
^^it haa :.vcu lactfvly uasuc«.»»stul out iB^rovAS vith htlleoptAi 
support. Afttr braaking off, in reUiiVbly optn country, VC's 
hid« 10 root c* liars, a Ions cAhAls, in prapArcd burrowa with 
*i*«4cr.'&:£.7 ■!>( ranees. And for short periods under uAt^r In Jun- 
gle the VC's can disperse Aod seca to aove aiore rApiol* And 
sceadl!/ thAO pursjers. Coordination of trecklng eleaents In 
Jungle Is Axtreaaly difficult. No satisfactory dacectlon davlCA 
(or Jtagie pursuit tiaa been found. 
o EaswI location nf jungle cava and aejor baeea froa the air has 
been generAlly l^OASible. In the liai Division afca (Kef. A. 21) 
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« lAT^i VC c^np. with cr«jning ground, tleld hospnal. «nj arm 
d-3p «M» captured id bodifk rf«r« cinmtfd. Th* «rea had been 
riiconnoitvreil by h^Iicoptert for wt-ek? but no trace ot the ca^, 
sheltered by an overlying canopv, waa aeen. Lv">*« »'<:lt*;fli 
craft and helici>pcers are subjected to d«ng«roua «nd oft.«n fatal 
ground tire. 

J VC s m wnv \illagrt. without betrayal «nd are "indlatin* 

guiihable" fips Izrsezs. They hide cloth-vrapped rfflea in rica 
paddiei during the dav and have extensive digginf^s vtutt araa and 
3jr.it arf stored It haa been estiaaced that of «very flva 
pertOTis. I is actively pro-Viet Cong and 1 activaly aifalnat. 

o Hlncr acd aajor VC asbushcs hav« bean prepared and executed with 
(Tcat succeis. even though preparations nust have been visible 
to locals for <<ayt. Pursuit after asibush haa frequently been 
hffurs Imiz mzi is gaw6r«lljr ««u»ubk«*A£ul. Kxccllenc cover and 
good escape froa aabushes ia available nearly everytrtiare. 

s Ksrtar fir* «««iast oucpf>ai areas la a trequanc cactie. 

o A LTI arey reglaent ia the hl^ plateaus has couplet c operational 
control over its area including provincial guards and self-d«> 
ImUmm corps (Rfrf. 6.22) 

0 Paddies, trails » and * ly helicopter landing areas are Dooby 
trapped with nallboarde and baaboo splkK«. Trails are si<iked for 

6.21 Maxehall. S.S. An £»poa*g Fiank In VietnitBi: Bepoiter. June 7, 1962. 

6.22 Jaolonsky, H.J. CounterlBaureencv it Your Bjiln^.f: Anny Inforaatlon 
lflk*st» 12 C. , July 1962. 
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f*iT^pm iCC ..«»J» iiien iap«t««Dic xnr •urrouiKtlng 

rtuth i9 tc^ thick cc ^*tr«tc. (tet. 4.21. 
« )nii«tr«ti«n fro* «Ktr«tvrrr»tr lil ttnctudrtrc hat hcM vlrtu- 
Ally uiccwtrollabW. 

lit. 

o In Xndochiiwihtf t«bcU put e«tt In traps to lur« dogs and 

o IV.e itorchcni hill tribt«-*th« Sudang, Bahnai, Jaral, Khodc— tradl- 
tldnallv avoided cha Vi*Kn«M««-*)(u«i ilia bate* appaarad in tha 

hiihSautI JungtM. 

Hits artici* thom: 

o Simp patrols up te tha twiit in watar. 

e Vast floodod areas vich no cUai pachwiv* or dilMa* 

c VC attacking a vltlagt 4laost surroundad by vac paddy land. 

o A lona VC flaaing through a flood«d paddy. 

Sinct transport probUns ftr eptrationt In aany ar^as hav« nut baan 
satisi'acteriiy rtselvtd thara is a prasiua en all t/m^T baing of low wtiRht 
and aasily transporcabla by nsnpack. 1>t rula is chat tha gaar oust ba cUarly 
aora valuable than tha aatarial it must diapUra, 

Zn a racant study by tha U.S. Amy Sl^al Board (laf. 6.25) It was 
cesel>jd4d thaf-grntjrd'basad conbat survaillasct and target acquisition aqulp* 

6.23 ifcita. P.T h Garratt. y.E. . South Vi^tnm Fia^'ti iht h^a lld» t NatloiMl 
Gaographic. Octobar 1961. 

6.24 OiapalU. D. ff*licoptfcr War ^n Seuth Vtatnaa: Mationa'. CaOKcaphlc. 
■ovaaDar 1962. 
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arnt tM» M*\y . ruiR\. aMliCbll to ill* «nd >ub|«ct to luch «*wr» oorf«Cf.on«l 
( i<iif «t t%'*n9 ir. <l«n«« jun^l* that thry ar* consldci94 to br of Ittilr praerlcal 
valu^. It rwcoarndej thaftincc alrbornv CS 6 TA v^uipatnt !• OMittly Id 
\Arti>a« 0f rcs««rcn and davclo^nt ••additional «dipp\akla and rtllanea 

b« placed OB lobtalnlnf) alroornt aantorv drvlcra «v»n though thtlr af 
aaia will alao ba raducad in Jungls «!•«•. 

!>.« vhi<x hcf«« In |i«n«ral. ar« that cootdinatad gti>uiid*alr up«raclOBa 
can l^rovi th« chancaa of closing with gvitrlUaa, that th# alanant of tur- 
prlaa can b« tumad against thaa, and that th«> can b« flb«h«d froa hiding 
plicaa. 

6.2.3. f ucufa 

Tttm aoil-|(u«t ilia caapalgRS which hava baan concludad iuceaiifuily, 
aa ic Graaea. tha nitlipplnas (Hiikbaluk), and Malaya ••«■ to hav« had aavaral 
coBon faaeurat. First . thm oiin guarilla basss could o« located and iaoUtad 
frsa CMtaiJ* uml^ auJ Sacond, tha local popuiaca could ba rigidly 

flODtrolltd. or disatfactad. Difrd, eontrnl oi tnt tntlra affactvd araa was 
saeurad stap-by-siap anl with tha usa of ovarvhvlaing forces 1 Fourth, unresdt- 
tiag pressure was aaintainct on tha guarillaa by vigorous, continued^ and un- 
predictable offensive action. Ihesa nay reasonably b« tak«P as objuctivea 
for &»Ater*lnsurg*acy operations in gE Asia. The hop« la that overwhelming 
forces can be obtaiaed without overwhelafng nuabeis. 

Xa South Vietnaa (aod pcrhaiia later in Thailand) one great difficulty 
not prestct in the three successful cases ssntloned. are the «nor«Dua borders 

6.25 Comicationa-ETiictroniea In Ltaited War fJunele Qpntatlonii. U.S. Aray 
Sivial ieard Case 6S9. Nay 1962. 
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A^aintr »-tii*i'dlv tviiitoiv. It it djtfu-i.lt «vv h(*w ihv first el«arnt 
ihf *uti<«»«:vl csi^ifn* b* fin«lly r^nulvvd unl«as trm kind of elf«c» 
bordrt t,%Mttic>l. «ith*r poUtiv^l or i«chnie«l. can b« riralitrd. It U 
poisiblt th4t «d-.<nc«d i*(hnoto(v. applitj iw t>ord«r turvvl Uance, My bt of 
•cw help here. In tpitt of th« obviott* difficult U« this ■ prlw 

fl*U for «ffort. The ttfccmd f«v-t.'>r t» not rUarly a aiUt. rv oMtttr and 

A prcgraai for arrar^gU hjalvttf alraJdy underlay, nay aacura aoat of 
tha Ofcaa-.ary araaa. pA«cr b> placa. DattceloF (aar will ba uaafgl in dtftnae 
cf thect titei. ty l\icr«aalnt varnins and perhap:i reducing the sUc of garziaon 



Tht priaary uiili../ oi Mvancad datacclon taehnology will bv taatad 
In tapr.>vint tha afficlancy of eonbat forc«3 trying to attain the fourth ^Jce- 
tiva. ' Is theac cparAtleas advanced detection of attack* and aobush, pursuit, 
4sd lsss.ti5S cf c^apa ar« pxi^ c«uaIil«i«Liwuk. Th« aquipaBata aaploytd oust 
be highly raliabl*. as In general they will be replacing other equipmf.t, ta\' 
««d mod •iapU. a* Mftntenasce vili baaproBlea. ITiey must ba uaable by native 
troops, and should rrtvlt in a marked l^rovement iP oveiall combat efficiency. 

lAlthough tK« search for efficiency In codbat and other Improvements 
cited era very la^crtant it is worthwhile pointing Out tnat if massive mea* 
su/*s such at mot* uadcztaJicn by the British In ^lUya are efflploycd In VUtn«a> 
(h« asjor r«quir*ijiDC 0.1 acnpowar is not combat forcfee out thosd employed to 
deny ioaurgvnts (.Ivii surport.. 
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OPTICS 

Th.LS Section it devoted to a dlfcustlon prlMftly of novftl ua** of 
iair«r«d in <atl-|urrl 1 la ippUcettoni. Tbr stattof •th«*«rt on hl|h- 
rasolutioo thirvAl »«pp«.i* li diSbuiMd in 7.1. In 7.2 tht utility of 
«rri4! «;4rvr 1 n ior f 'rt -detect Ion. e^rly eitltucet, « curvcy of 
S. C. AsiAB ht«t tOMtcM «ro eov«red. AUo, phyeical factora affoctlng 
detcctloa aad axptrlaact aro dtacusacJ. In 7.3, Cif gooMtrluai factors 
afftctlnt flrt dotorticn •sporlMnta and dotacdon rallabillry aro 
tUBiaod la dotal 1 aad tho curroat atatua of work la crUlelsad. A 
roaoarch protran i» auggoatod aad aa outliaa la gtwaa of aa laacrwaat 
doiigaad'for tactical uao. !a 7.4, tha queatlea of vako dataetioa ia 
ravloMd aad osparlaaatal prograaa ara raeoMandad. bporlonca with 
curroat ■llltarr n oquipaoat la dtaeuaaad la 7.3, aad tflao otbor 
potentially uafeful applieatloaa aro briefly dlacuaaod. Ia 7.6 aad 7.7, 
toM of tha factara uxidor lying iaatruaaat porfotwaco aad daalga aro 
asaiaod witn apodal rotoroaco to dotoctor probleaa. 



•7.1< 




cootrnrrs 



7.1.1 latroduetton 

7.1.2 macipUs 

7.1.3 SMC«-ol-tb«-*ct IquipMoC 

7.1.4 rrMCttt LlBluttoos and t«p«ct«d rutuc* XaprovMMt* 
7.1.3 CgMlvtiOB 



7.1.1 ItMduCtiCHI 

DcvlcM for mw9i*€ ^ U-ota«rmkUt an of eoMldorabU eurrost 
locanat. Xt !• txpoetod that dovtcoo of >ialUr prlselpto of opovactoa 
will bo oMfttl U coHator*ioo«itoacj «vrk In Southooot 4aU or oialUr 
torritory to Cbo ovoot ctac soorrllU opontiMa proihieo coUtoU ondooco. 
TkU fopor coMioM of o iMOtol dooeripcloB of tho rrlocipU of tteiMl 
mffv ud a quoatlUttvo fonwUtloo of thotr ebarmetoriotUo (7.1.2), o 
brlof «Mcripcl«a of « roproooocotivo bitb-^inl&ty ofui^oat (7.l.i) oad, 
eflBwota oB tho llnicottooo oad futuro topr w a nc * of contaaporary 
Mppora (7.1.4). It ahouU bo a^ataod chat thoaa doncoa ahaw eaa- 
aidcnbU proataa Itt appUeatloBa to cho aurvetlUaea of IwCanparatiiro 
taitata U cba opoa, atich aa for inataaco thaiMl Mfcaa. 

7.1.2 rrlBClalta 

A Cbaml Mppar obaanrac an aroa acd rocorda ebe calttad iafrar*i 
la a partlealar iiav»l«Bseh ratiea. At prcaant all tuch darleaa uaa Mcbaalcal 
acaaaora aiaeo eo raic^bU It Imso Cuboa ara aval Ub la. Varioua aacfaaaical 




•c«Dnlat pBCC«m* can wploytd, optratlof in tithtr ch* objact pUM 9t 

dttactort My b* use^. lo eh« est* of tlrbonit AquipMat utlm « ■la«U- 
tlMcac dttcctor and objtcc-plant acaanlng, cha tarttt flald la uaually 
dlaaactad tn ona dlractloa by tha acannlat alaaanc (In Cha aiapUat fam 
a rotaciot sirror): tha datactor taas luccaaaivaly tha alaMnea of a lluMC 
•trip ("Una") of tht targat flald, Tha almttt tlta ("cpatUl ratolutioa") 
la datanlaad by tha laacaotanaoua fiald-of-vlaw of tha aqul^ant uolaaa 
*'shapad apart ura** (and data procaaalnt raqulrad by It), ia uaad. Tha 
"llaaa" coaatitutlnt tha taxfat flald ara than acacaad by vlrtua of tha 
•otioQ of tha aircraft, ty adjurtlnt tha acan rata (lltiaa aeannad/aac) to 
tha rmtle of vahUla ground «paad to vahicla altituda, tha antlra tartat 
fiaU ean ba acanoad without ovarUp or "iBdarUp." By axpjainf flla to a 
llSht apot aeduUtad by tha datactor output and aovad raUtlva to tba film 
In canfoxmity with tha acaBalng aotioa, a oaa-to-ona corralatioo bacwaan 
tha daaiity dlatribucl«>b of tha daralopad fila and tha Irradlaoca la tba 
i.f.e.v^aay ba obtained. 

Kay charactartttlcs of tha raauUlng ehacaal sap a»a Its "apatlal 
ravolutioB^" aad "t«paratura raaolution" (I.e., tha ainl»a tapcratura 
diCftraaca of two "gray body" alMwntaTy taigat araas of Idaotieal aaia- 
■mtlas MfaUh cauat a dlaetmibla diffaranca in danaity). Slnca tha ir- 
radlaaea ftm an asccadad aourea la diractly proportional to tha fiald-of- 
vlaw, tha two charaetarlaclca tand to oppoaa aaeh othar. That la^ for in- 
enaaad apatUl raaolutioa, caa^ratura raaelutloD auac ba aacrifiaad aad 
vlca-v«raa« 



*Ittataotanaout flald-of>viaw. .7.3. 
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7.1.2 0..»Btlc«tiv gS^r^cf rlitlr. «f Airbomt MtchwtfUT yftffrtM 
Thar— 1 MaPPtrt 

UC u« •ptclfy that 

»T - instantaatou* ft«ld-ot-vlt¥ (•(•ndUns) 

? ■ total fc«o an|l« (radiant) 

V • vthiclt ground apctd (ta/sM) 

B • vehicle altitude (Im) 

M • Dt^r of eltMBtt teamed per aecoad (aec*^) 
■ effective aperture (ca ) 

f m focal leoftb optlce (cs) 



la the caee of a lloear (Una) acanner the awb«v of •UMoct 
•cauMd pec iuCQoA and required bandwldtb are 



• area iaiconduetor dvt actor (ca } • 
p* • effective detector detectivity iem ioc'^'^fotta'*) 



SyttCB tens 



itlvlty can be epeclfied In te«»a of the nolee equivaLeat ponar 



of the detector 



HIP - 




(m) 



1/2 



(TM vatta) 



4Bd tae ooiao oquivalant power donalty la 




<2> 
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It cht r«4Uoct ot iht t«n(»t fit Id (In the spoccrat tacd ftf for tibUh tli* 

■lOB of ch« pmth U t^^^^^, thon, at a altnal-Co-Dolaa ratio of unity 

KBPD - t^^i»^, 
frvm th<» atova idooclty, f^^} 

Coftvaratly, cha Invcancaaaooa fiald-of-vl«w, la: 



- • ST r-?~ Ct^^ (.taradlan.) 



Tban, tha avbctndad araa» that la cha a^clai raaolutlon ac vartlcal look. 



*o " 



0 



1 «p«ctral radianct of :ha targat flald of HO) (w.ca.'^itarad.'' 

micron'^}, tha valuaa of t.. . ft,, and D*. ara dataralnad fron tha foUmlat 
rt lot loo: 

> 

. . . . 

I t (■ )»( >.)!>• COd*. • tfiX'*^*-^ 

Tbara, ' i uppar aod lowor wavalontth llalta^ roofaetivaly^ 

of the tpactral rB(ioo 

'^^If acaaniat afficiancy, 1* la»4 :hao taicy, Cha roqulrad apartura 

!■ Ur|«r Chan cha idaal aparcura A^ and A^^ ■ — jyj . 
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Qf (OUT**, »<' r«nn9( MalUr th<n thv letulucloa of the optical axBtaa, 
Zliia crtiacioa U ralaclvaly ts»tly ■•ilaftad fei ebjacc pUaa ocanaloi whava 
o«ly a •aall tfoM-daflnad imf flald U raqulrad. For iaagc pUft* acaiwlnt, 
the optical ayacca aay ba dif ficuU to daaign If tha opactral ration of 
datactioa aBtando bayond a faw aicrona and a wida antuUr covarafa la ra- 
^ulred. Mevaovar, tha raaolHtioo attainable In practlea aay ba liaitod atao 
by the aoiMtiiv acabilily of tha upctcal ayscea bacauaa of vahlcU vlbxatlea 
aad f lifhc roufhaaaa. Alao cha tiaa conatanc of the dataeter auac ba abort or 
than tht dvall tlaa h'^, by a factwi of about 3 or 4, or tha algoal froa a 
raaoluttoo araa will not build up to full lavel, laading to a falaa indica- 
tion of tha Irradianca fraa tna raaolution araa with raapaet tu tha If 
raduaca fraa an astandad araa of tha oaaa radiative eharactarlatlCB. Iharo* 
fore, loni detector^tlaa^cenatant can only ba tolerated when a nialbtr of 
Indepeadeat dec ec tore* •ammed in aa array panllel to tha dira&tlon of 
llitht»are being uaed to aufflciently increaae tha dwell tlaa par dateccnr. 

Since the target araa eubtended by the fleld-of-vlew la depaadant on 
the icaa angle, the apatial reaolutioa varlae along a ocaa Uaa with acaa 
aagle. Thia variadoa aay ba axpreaaed by the ratio of 

^ L_ 

*o 

wharr ia cha reaolutioa araa of the terrain ac vertical leak ami la 
rba reaolttCloB araa at the acaa aagta of ^-^^^ alniaun attalaabla 



^'^The approiiMta variation with the iaverae of cM^d^ ^* 
fact that the projected area variaa with tha invaraa of coi^o^ aa^ that tho 

■ubtanded araa la proportlenal to tha projected araa and— approalaataly 
to the inverae of eoec^. In affect, in thia approxiaatloa^ va ae|laet t- 

coBUlaiag ain^(l/2 ft^'^) and we tmkm tu* 1/2 C^^^ aa unity. 
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rMoltttlon for • fivcn tvacca. By ch«n«tnt the scm p«cc«ra to a clrcuLar 

tfu« vimU mW* ill* »ic« ol ih« i«»oijLion «rca contcanc Ouc th« rtteiu- 
Cioo would b« wor*« Chan tht bate achltvabla, at IndlcaCad by E9. (5). 
For a car^at liald of gray body radiator, U 



^AX " *P*ctral afflcltncy 

c ■ affactlv* mlaaivlcy of targtc field 

T ■ tffocclva iOBporacur* of targat flald in ^ and 

p • l.B k lO'^'watta c«."*itarad," ^*IC)'*. 



Th« cbaot« of B^]^ vttb tMp«ratur«j 



dl.. 
dl 



ia 



and 



(ft) 



T!!'ja, froB Eq. (3) and (6), Che cs^cratura diffaranu* «c lAieti Che ehmge 
io aicaal equala the detector aoiae, tl ia 



<7> 



»iace the aiaalvicy 1* a weak function of taoperature and at aaall tnltiee 
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of A? (t.t., AT < 10 T) cht cent ot 



P. 



It ln«l|nl flcant fnr •p«ecral 



third t«n« In fiq* (7) asy bt ncgUcttd. Then, th* "tMptntur* ••Mltivity,** 



•a 



1/2 



It It of Inttrcit to nott ttut th« ttap«r«cur« ••Mltlvlty dcflMd 
for coaplftelr filled fialdoof-vlcv it practicAlly iDd«p«ad«at of scaa «a|U. 
nit it 10 b*ctutt th« radiAnt pvvcr in tni ti«ld»ot'*vi«w (u=tpt 4t cht 
oitrwtt of tht tetn togU tpproocbiof ± 90°) it indtpmdont of tcM «agU 
tod th« dacrftitt of ^»th traiumitvion with lacrtatlng ptch*iM(th li la- 
ticnlliCAnt uador avorag* Mtaorolotical ccnditioat. 
7.1.3 Stat- of-tha-Art gouiBBent 

Ik* Mtt raeoat thonal ttapping davlet, to mr kBawltdga, is tba 
AM/QlkS*5(B-I)« dovalopad by Taiaa laatnaaatt undai* Amy rontrart M* 
M039SC78224. It aWMra to ba a rapretantativ* of cba baat aquipaaato 

r 

Hithia til* capability of tha pratant ttata of th* art. 
Spacifieatioat ara tBat 

0.0S > I > 1.0 (radian/tacj 



Scaa an|l*: 
Scan rata: 

Inttaatanaout fi*1d-<«f*vicw; 
D*t*etart ; 

fiarv ua :it • >0U lu:pa>: 

Hoit* Equivaiaat Taaparatur* 
S*ntitivity: 



(I) 



180° 

230 tcant/ttc (Ub**/«*c) 

2 arad 

InSb(77«K> (3u-Su) G« f Iis(30^)(8v-lX) 



l.«5 X I0**°w/c»^ 



0.3<* 



3.06 a lO'^^w/ca' 



0.05«K 
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fewr rfqi'lreisent: 



900 VA lis V+ 
SO W 28 VDC 



osiing ft>r 

C« -f Ua dtcactor: 1 Ucnr liquid Mc for 100 

hou» of eooUns 

uk: 1 liter liqutd Hm cor > 

hours ol coolioi. 

The aim !• cxpoitd in th« airpUno tnd it dcvolopod on tho gnuMl* 

The dectctcri are eeid to be eeelly interehaiiiieablo. It has been re* 
ported the*-. e»difleati0P to provide a 10-«red inacenteoaoua tleid-of*«lew Im 
eaeily accne^XXahed. 

In the latter caee, tht nolae-equlvelent teaperecure MHltivlKy le 
said to be 0.006^K with Gc Hf detector. Under the umm condition thn 
tuiperature sensitivity using luSb vould be 0.026*1. 

The provlsicn of flexibility of selection ot spectral region end 
spatial to^erature resolution may ka Isportsnc In use of the equipaent for 
Inxrlal studies since the sites of tsrget aress sf Istercst and their ttsi* 
peratures reletive to the undltturbed (netural) terrain are unkneim. He 
have heard that the equlpaent provides for expenslon of any selected region 
of the flln's density range. This feeture is very valueble for enheneinf 
slight radiative differences in e target field. 

Of tw rrlgla^l units of this e^uipatnt one unit wof tested by the 
Sitttiel Corps under tropical conditions In Panvaa, and returned to I'SA KROL; 
the other unit was delivered \o Fsirchild at tht Yuma Test Station for 
drone tests. We under&tecd 10 uiilts ere being pxetured by the AF for recce 
use :n the BPllO. 

Tesee InecruMBts has built a alnllar equipaent for the ^rlppa- Insti- 
tution of Oceanography with en instantaneous fleld«of-vlew of 20 wed and en 
expected .asiperature senelrlvlty of »ht\»t 0.003*K m the tpeecral region be- 
cwaes 6 end 1) nicrone. 



•or nagnecic :apej or a "laec-n^le" electronic display nay be vend. 



i 

I 

i B 



m 



7.1.4 Pr«>»pt Lf If ttont an d E«p«cf d Futuri laprovfwti 

Id principla, ch« pvrfocwiic* oi Ibcnwl Mppac* !• lliatwl bjr *b« 
••MtCtvity of the 4«t«etori and «• bttctr and batttr detectors bee cm 
evolUeLc, th^nat mtft perfocMoee ehould la^reve proponiooelly. Is 
preetlce, IwMver, two other iBportant feetere wut eUo be ceaoiderod. 
There are the etabU pUtfora and the recordias (dlepUy) art which a;.e 
perhaps llaicint che presently achievable spatUl resoiutioa. la addition, 
the racordl*ig aedlia Ilatts the dyii^c range of Idfoxitialloo. 

A serious liaitatioo o& perlensance is due to scaaBlng aolse, 
•specially la l^te-pUne sc^!^ninI. ObJect-pUne seaoalat has the dU- 
adysDCate of requiring bulky equlpMnt. . HuroQver, coastaat resolution aad 
scale factor in the entire asp nay or »«y aot be obtained depending on tho 
scan pactera. 

1« iMge tubal., when perfected, should rasoye scanning dlfficultioo 
aad give som inprovmot in sensitivity by virtue uf the reduction of tho 
•ffeccive bandwidth froa the inverse of the "dwelUtlae" (the tlae an 
elMont is being scanned) to the inverse of the "frsae-ciac" (tho tlM tho 
entire fisU is being scanned) as is the esse in conventional television. 
kt Hentical surface sensitivities for the single elMenc detector and for 
an iMge tube, an iaprovwent in sensitivity proportional to ths square: 
root of the retlo of the respective bandwidth! could be expected. Hwover, 
at least for a certain length of tlae, a full realii^tlon of such gain will 
probably b« prevented by aoU» produced In slsctronlc scanning. Unfor- 
tumtely we are aot able to predict when euitable inage tubee will becone 
a«ilUbU. 
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A« th« pertonMf.c* of th«r«.l aippcra iaprovat, ch« Mount of Infor- 
Mcloo ID futurt MP. win inrr.*., alse. CJ .a »cr«*M of In- 

(orwctoo p«r n, u o£ Itcdt u»t without proper muluaclon. Stneo een- 
coaponry lups a^y «lrMdy Mturact the capacity of htaan (visual) tvalua- 
tloa <tht accuracy «nd rata of wUual avaluatlon la daflaicaly Uai thaa 
daalrablt), tht laporca^ic* ef autoaacu dat«-proca«ai.it i« tvidaot. Hov- 
avar, an ai«e:^ss«nt of tha utility of aucoutlc data- proeaaa ins appllad 
to th^raal Mpptrs and « prediction of future advancee cannot be wda 
hara, la any api>racUMe detail. But thould be noted, that a Pignlfieant 
proir^ta could ba at.jred if, for inatanca, the exlatence ot a peculUr ona 
diMu«looal but low thaival gradient In a tvo-diunaior^l field could be 
In (alBoat) real tiae, auCowtlcally eecabllflhed. Such a capabiUtr »ouW 
coaalderably locraaee the Mrlt of wake-datectlen. when, of courae, thla 
provee feaeible. 

'•1*S Cone Imiyn 

Ihamal wpplag le o highly developed art. Neverthcleaa, future 
laprovMont can be expected priaarliy froa aupertor datectora, including 
iHge tube*, •• far af lentltlvlty u concerned. Concerning reaolutiuo, 
laprovewnt in auxiliary equipMnt <aueh ae ttable pUtform) la perfaapa the 
■ore urgent. Iaprov«ant In optica by iudlciouft uae of aperture-ehaping, 
la alao proBlaing. However, the need is perhaps the greateat for autoMtlc 
daea-procesalog. Although these need* have been recognised .nd the Uck of 
the^r f«lflll«nt Is badly fait, lU capability nt conteaporary Hpplog 
Ceehniquea la appropriate application should be very uaeful in guerrilla- 
warfare. 
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7.2.1. Cmcral 

7.2.1.1. Introduction and StMBHiry 

7.2.1.2. CMBpdrt C«lcuUclons 

7.2.1.3. Host SoucbO 

7.2.2. Decoction 

7.2.2.1. Dlroct 

7.2.2.2. Indlrtct 

7.2.3. Portotry Sorvlco Pretm 

7.2.4. Op«r«tloB TroplcM 
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7.2.4.2. PUnnlBS 

7.2.4.3. ExporiBOnt 

7.2.4.4. Crltlqu* 
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7.2.1. r.«n»TflI 



1 



^ 1 

f. ' i 



pi 

to 



7.2 1.1. Tntrolu cLioH 

Very earlv In the .Uody It v«> •uggtvCvd *Ch«c atrial 
dt tact Ion of flr*f In Jung la night be a vary «ood Indication of tho 
praaanea of guarllU ancaapsHcnts. givan other naeaaaary data. Aa polntad 
out In cha preceding aactlon. no otitet aerial aurvelllanea caehnlqua had 
baan uaaful In locating auch bakv*. 

It wa* argued that a) rUe was an abaoluca aaaantial in 
guerilla diet and that b) rice muat br cooked. 'Xhla argued for tha 
axlttance of eaaipflrei and the poaatbllity that careful tharval aapplng 
of an area sight detect such flraa. If the canopy had even anall hoUa , 
and tha aapplng vaa right, a direct look at flrea could ba obtained. Aa 
•aan earlier In Section 6 It la InJeed very llkaly that «any anal I holaa 
vll^ exiat. If ffierc were no holes, but enough Urge fires, Indlraet 
datactlon of heated canopy, or w^rm air coluona algbt be pesalble. 

In 4rea D, ebout 10,000 VC vara auppoaed to be nomally 
eneeaped. Cooking rice for tha^*. sen each night vould require aona 3000 
XW houra of campflres. Initial calcuUtlena (aee 7.2.1.7) argued for 
datactablilty. 

Arguments against the utility of auch aurvalllanee were 
that a) IndLvldualt cooked their rice in imall pots, over charcoal atoma, 
or on very simII fires; b) that connunlty pots would Secure Urge firea; 
c) chat ca^firci prob4bIy weren't coimon, d) that there ware alwaya aaay 
natural fires In the woodlands; and c) thjt in many aeasona of the year, 
due to high hualdlty, clouds, or rainfall, IR raconnalsaance would be 



*B. Alexander after Fur East Survey IrLp (DRC First Monthly Utter Report) 
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IflVracticable. To resolve soac of the** qutsttont ou htst •warCM, 
CDTC (ThalUAd) made Inquiries In the Par Bust (s«a 7.2.1.3). 

A survey of U. S. eccivlcy disclosed chat tha U. S. 
Poreicrr Service was already runnlns experlBencs on fire dataccioa 
(see 7.2.)). The Concractor studied this problea in detail and 
recoMsoded *a additional ianediate profraa Involvint • plannlnt 
exercise to define environiwnt^l aM^fcureaents and controlled field 
tests. During the study AKPA funded a plgsy-back exparlgHnt In 
C^eraC ton Tropic an (see 7.2.4). 

Factors affecting controlled experiaentB on flra 
detection are defined In 7.2.2.1. 

The probleas of surveillance for fires with existing 
aquipasnt, the deslcn of suitable fUld exper lisenta , and a suu**^**^ 
opciaixed equipSMnt are covered In the next major sub-section (7.3). 

There seena tc be, currently, high enthusiasai for 
Chia technique and the use of present thermal mappers In operational 
reconnaissance. The Contractor bell«v«^« (l> that the requisite baalc 
aad field test programs still oust be planned and carried out; (2) that 
existing thcrsal mappers are not in general suitable for use for fire 
detection In S. L, Aata, and (.1) that a very suitable equipnenc could 
be rapidly developed. 

7.2.1.2. Caagfirc Calculations 

An early calculation to eatimat* caeipftre output ia 
included here for coHpleteneaa. 



S«« thiir 1 Ut»T of w»r#r m,**r b* Held at bcl'lng tei^cracjre 
for twenty ralnatti to cook one 2i-hour rice ration. W th« 
3 X 10^ JoulM needed were euppLied tn an equal tlM period 
the average heat input would be 250 wttta evaporation, 
radiation, and convection loaaea, with cart, alght b« 
co-parable. Hence, for a caaipfira vary well-couplad to thm 
pot aubatanttally 500 watta would appear aa low tev«»tura 
heat. 

Tht inafflclancy of auch a caa«»£lre will ahow In two waya: 
radiation directly from the hot coala (or flaaea) and 
radiation, conduction and convection £ro» the walla, etc. 
of the fireplace. 

2 

The coal* (at about 2000*C) radiate roughly I watt/c« In 
the vialble, 70 watt*/cm^ In th« near IR (.75 ■ 1.5 w) ni 
125 watta/oa^ in the interaedUte Ul (.75 - 10 a). Thua, 
even one aqaarc Inch of exps^rd hot coal would cauae the 
radiation of nore than I KW. Expoaed flanea radiate leea 
pet unit area totally, bul a Iowa t aa aaich in the vialble- 
near IR region*. A reasonable guesa for a aaall fire la that 
at leaat 500 watts would be radiated fron the coala or flaws 
(Gorreaponding to one-half square Inch of exposed Ignited coala. 
Since wall Issscs, etc. are very w«»*;h like thoee fro» the pot, 
it ia not profltabie to sake very fine dlatlnetlena. It la 
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rtatoMblt to attuM it much h»«t tnd« up In •«potcd ntlls, 
grACcs. lupportft. etc. tndi up In tht pot. I. about 
500 vatts. » KW assigned to the pot and vail loiaea twae 
bt dividtd botwetn heot whwh «»ma tht air aad radlanc heat. 
If iM aatuM tht radiant h»at tsltttd fron lOO^C aurfaeea, 
.6 of radiator would tuff let. 

PlnaUy. an •ddltion.ii qu*ntiiy of heat (fortuitously about 
500 watts also) can be ««pectsd to heat the air In tha 
vicinity of the fire. The hyd.-odynaaics of this flaw la 
quite complicated and we have not, aa yet, bean abla tc 
tstlmate Its characteristics. 

IB suanary. than. It sttas to us reasonable to postulate a 
ctnonlcal snali cooking fUt* wttl. tht folloi»lng charaecar- 
iatlca: 

3.3 co^ of eoala at 2000*0 radiating 500 watta; 

4500 cm^ of walls, tte. at 100**C radiating 500 watta; 

A rlalng air eolum Uiaa and tt^ratur* not yat 

detaralnad) which carries away 500 watts. 
Tht rising colu«i also has gasts and partlclts tntratotd which 
■ay bt of Inttrtst. 
b) f^cieal Tranaaiaaton F .*ths Thru tht Juaalt 

Ut hawt virtually no Infsrmatlon £ro» **lch tha abaorptl*" 
aeatttrlDg cf optical and XR algnals by jungU tollaga eaa be 
deduced. A library starch will bt initiated shortly aed aay 
product some data. 

tPlrta for other purpose, can easily be 10-100 tt-e. larger f ' 

dlacuMlon and in fact larger lire, may be normal If group cooking Is praetie«l. 



l^iy^o 
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Avery ii<.ij)f he md t i«f «t t i-nii«i i >mi visible rsdiation 
froa rirct i:t tii« jiir.^tc 4i>-n|k paiiu «i,tt>vrt«« scniort nay 
o« aedocca I run me eiu-iivd tact that one can read a nap la 
note Jungle «:oiiJitiont Juiini broad dayllsht. but cannot at 
dawn and /or duak. 

The noon (clear dav) tiiuniaatioii (in the viatbla) at the 

jungle scp la about .Ob w/tn* and tti« duak lllualnacion (tun' a 

altitude ■ Bcro degteea) la 10 vatta/cn . The illi-nRinitlcr. 

required for reading a nap la lonewtiat greater than full mob 
-6 7 

illmnation (10 watta/ca >. Aiatmlng that actanuatlon doifii 
to ten tinea full moon illusinaeion la required to deny map 
reading, the tranamiaaion, conatant T in the vialbla can b« 
eacinated by 

J X lO'^T > 10*' 

and 

10* ^ < 10*' 

or 

io"S^ ' > 10"* 

The geonctr>' of the path through the Jungle vill be worae 
frr an airboma acanner than for noon light. The total field 
of view of the airborne device bill be of the order of 1 
ataradian, hence che naxinun tanitfa angle la 1/2 radian, and, 
in conaequence. tha attenuation ia aubatantially that of 
vertical incidence tranamiaaion. 

Tha aatinataa made above for attenuation in the viaible can b« 
•standed to at leaat tha near IX. 75 • l.Su) by the fol lowing 
arguseot: 
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The trannUfion of optlesl radiation chrcMi|h ch« JungU la 
partly by mara of acail»iically occur Ing opanlngi in the covar 
and partly by acattartnt froa larga icattarara auefa aa laavaa, 
branchaa, etc. In tha case of paths through opaninga In tha 
covar, gaoaatrlc optica cartainly apply for tha naar and 
probably tha far XR. In any caae. tranaaiaaton vould tnertaaa 
with wavalangth dua to diffraction. In tha eaia of aeatcarint, 
tha vavalanith aanaitivlty of tha lurfaca raflaetlon eeaffielmt 
will ba control ling. Data available for tha naar IK Indlcataa 
that tha raflaetlon coafficiant li, if anything, higher than in 
tha visible. Tha raflaetlon eoafftelant of tha Jungle folUga 
at far IS iwy ba aa ouch as 10 tlMS lower. 

The fact that in both nachanlsma producing craaaalsslon, long- 
wave IK propagates at least as w«U as tha visible aakas It 
safe Co use the bounds applicable Co visible trjinMiifrlon to 
the near IK. Since the dooln^tlng aechaniaa is not known, the 
baunds do not apply to the far IR. 
7.2.1.3. Heat Sources 

data on the Incidence of natural fires has been 
obtained, buc a survey of llV#iy heai sources was made by CDTC (Th«iland) 
(ref. 7.1.}. For convenience these data are repeated below: 

"Discussions wich appropriate paraonnal in Victnaa have 
rasultad in the following conclusions: 

a. Heat Source ; A heat source thaC can be associated 
with aoac guerrilla groups Is the cooking stove. This stove is a pertabla 



7.1 Ur. 18 Sept 62 T.W. Brundaga to R. C. Phelpa, Aaat. Dir. Reaote Area 
Coofllct. AKPA 
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ecmic or bakwl clay d*vle« cooma co tht &a«t ^nd fr«qutAtly callsd by 
She aui "TiIwaCHt". CiwitvuNl Lhp univvraai fu»i. il** clay 

•tova It a hollow vortical eyllndor iO to 14 tnchta in dlaatttr and 14 to 
18 tnchaa high and opon at tho top. A graco on vhleh tha charcoal la 
placed U located abovo an air •port tn tho aldo of tho eyllndor. Tho 
food la cookod In a round-botten iron kottla or f Ut>bottoa pan which 
la placed directly over tho open tup of tho atovo. Thta typo atovo la 
Urge enough to cook tho food for a aquadion (8 -12) o£ aon. Thla heat 
aourco will bo employed In all roglona fron the delta country to tho 
■ountalna. A aocond heat aourco la the Hall eaapflre. This fire la 
found only In tho aDuntaina rcclona and la ecplcy«'J <ittring tho early 
evening houri for wamth. Tha feci 1ft wood, aa opposed to charcoal and 
the flr« laid oc :he ground. The fire la carefully tended lo aa to 
produce tht alnUuB of smoke ami remain snail (fire • bod of 12 co IB 
laches dlaawtar) In order to permit rapid extinction. The use of other 
fuela Is extreaely unlikely becau. v of logistic pr-iblens. 

b. Shelter: Und»r the majority of condlclons the 
chsrvvv! «t?v« vlU be u«ed outside of huts or Icsn-to's. Under stable, 
secure Bllitavy conditions the cooking osy be done In a hut or l^an-to. 
particularly in Che mountainous region. Camp fires will be built outalde 
of a hut If a hut exists. 

c. Surround ina Envtronoent ; Guerrilla scclvicy is not 
limited to tropical tain forests. Consei)uenc ly the cooking stoves will be 
used in foliage ranging from 4 to S foot high scrub trees and brush to donee 
foreata. Any foliage capable of furnlahlng protection fron vlaual obeervatlon 
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can cofiiticut* •urroundlng •nvironasnt. 

i. Ttae gf day cf argstgst flrt aetlvtty ; In Che 
optnloti of pcrsonfwrl qucrltd, tht iin* of trttctiC cooking setlvlty U 
• 2 to 3 hour period contorod around tunrtat. Hwavar, It «aa atatad 
that aoM guarrtUa groupa cook In iha waning and chat tha activity 
eovora a 2-3 hour parted cantarad around aunaat. Camp flraa ganarally 
alac for about 4 houra atartlng at aunaat. 

a. Additional haat arurcaa : No additional algatflcaat 
haat aourcea ara ballavad tu axlat. Charcoal la atolan or coaflacatad by 
guarrllta troopa In tha dalta rtglona. Troopa In "aafa" araaa may procaaa 
charcoal, but thla la baUavad to ba unlikaLy. No araaawnt foundrUa ara 
ballavad to aslat othar than Individual uaa of a charcoal atova aa a forgo.** 
(rat. 7.1) 
7.2.2. Patactlon 

ladlacloo fra a caaipf Ira aay ba aaan by an airborne aanaor alchar 
along a direct path through an opening In a canopy or indirectly. ZodUoct 
detection say be poaaible of light reflected into the f leld-of-viev of the 
aenaor by foliage trith favereble orientailuua. Aleo, if £ portion of the 
canopy over the cifflpfire is heated iuf f iciently, the preaeaee of the eaap- 
fire aay be inferred by detection of the "hot-apot" aa an unuaual lt«tt in 
the backgrouid. In principle, it is even poaaible that a difference tn 
tranaaiaaion character in t lea of cha air due to accmilaced c«buatlon 
produeta, could ba detected. Of theae poaaibilltiea the aoac lntereacliig« 
clearly, la direct detection. 
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It i* ibtolucelv certain that functioning current 
themai sappers can o«c«ct firri and othrr aLnlUrly hot targaea In 
direct vlawing. Experience ahowi chat a uacful ratio of tergeta 
detected co targeta preaent can be detected In fairly open cover. 

The denalty of covet, type of equlptaent, and aethod 
of obaervatinn vhlch ellof relative certainty in detecting a uaeful 
percentage of targeta arc not knom and can be deduced only in part. 

Whether or not the presence of flrea under cover 
can be detected without a direct look at the heat source la not 
known and can be inferred only In part on the basis of present know- 
iMlge. 

k cwefuUy planned prograa of experlaenta la 
needed to resolve these factors. The Ivedlately following diseuision 
points out Che factors which must be considered and iapllea the type 
of experiaentation necessary. 

7-2.2,1. Direct 

The factors that deteraine the success of direct 
detection are partly geooecrical and partly phynical in nature. 

It li convenient to refer to th« effect of obscuration 
by the foliage of the Line of stght, «s a geometrical constraint on 
detection. ru«s« conditions are treated in Section 7.3. 

In the category of physical factors belong the 
radiative characcsrlstlcs of esperliBcncal targets used in obtaining data 
on the geoBStrical factors, the radiative charecteristics of tactical 
targets, thr traninisslon churscterLstlcs of the paths of various trans- 

ntssions, and the capability of detection equipments. 
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Tot • coapUc* vv4in4r<<<n, tht cargvti should b« known 
in -accALi. ino ilvtaiiji are the s^^^itaI radiant Intanaity aa ■ function 
af angle, tlsM; and aisa- An addition* I parafflcccr for tactical targata la 
cha configuration, that ti. the flra (ovan) and cooking ucenall. Tho 
targtt eharaetorlatlca— together vith the path-tranamlaalon and equipaent- 
characterlatlca—-ahould facilitate a converalon of aeaaured detection-— 
piobablUty of alailated targeta co that of tactical targeta. 

The trana«U8lon*charaetcrlatica aay be aufflelcntly 
eatabUaheU when the aawunt of W3t*r>vapor In the path and the length and 
alant-angle of the path Ic known. If the vertical profile In the target 
area> of the mixing ratio of water-vapor and teaperature la known and la 
reeaonebly conatant, the relet<v«.huJ8ldlty and testpcrature near the ground 
aay be che only input neceaiery (ir. addition to the geoaetry of the path) 
fov celculatlon of the path-tranamlaalon. 

To evaluate experlncnt^l data obtained on fully viewed 

targeta, data on the Inacancaneoua fir Id -of -view and aperture -area of the 

acanneri thou Id suffice because of the large target -signal co background- 
* 

Signal ratio . On the other hand, the sensitivity of the varioua scannera 
ai.d their apectral response nuat be accurately known to eveluete deta frem 



^Asaumlng that the scanner has a (4 mlr«d) Inscantaneoua fie Id -of -view 
with a uniform response between 3 and 5 microns, and the range to the 1100^ 
terget of 14" diameter is 1 km, the ratio of the target signal to the total 
(dc) aignal from a iOO^t bacaground is about 25. at identical enlaaivitiea of 
the target and background. Thia ratio decrecaea to about 7, In the apectrel 
region between 8 and 12 microns, but rapidly increaaea In regions below 2 
microns. However, the effective background signal. I.e., the variance of the 
beckground -radiation in the field of view, will be by ordai* of magnitude 
amalUr than the total radiation. Consequently, we deal, at fully viewed 
targeta, vlth very Urge olgnel to lialting-nelae ratio. 





partHilv vlt««d ttrsecr (I.e., tmen the annular aUa fron tha Carnt 
of tha affective opening 1« ronniderably inallar than t-hat of tha 
aperture). Thla need can be best fulfilled vhan the scannera are 
talibratad to tha aaae ifriice both before and after each aiaRlon. 
Tha calibration source could be a container filled vLth water of 
kaam taaperature. -The aurfaca of watei should be about four tinaa 
aa large aa tha area aubtanded by the acannar to aaaura chat tha 
surface cs^lataly fills tha flald-of view. Aa a substituta aolutloB> 
a suitable area of .a runway would be perhaps alao aufflciant to deduce 
tha aansltlvlty of tha acannera. 
7.2.3.2. ■Iwii»ftct 

In order to facilitate datanilnAtlon of detectabllity 
throuth an Indirect path, tha fol lowing input data ahould ba avalUbla: 
"spectral reflectivity of foliage of tropical traaa. Thaaa 
data «rtt nacaaaary for a judicious choice of tha spectral 
ragion of detection of (sultlple) reflected radiation. 
Becauae the aenaltlvlty required of an airborne acannar can 
ba attained only in a relatively wide apcctral ragion the 
nacaaaary apactral raaolution- —except in tha visible region— - 
Af tha aaMuraMnts would be low and roughly detarainad by tha 
atMspherlc wiBdowa below about 3.3 alerona. This limit appaara 
probable bacauaa of t-he relatively strong aalf •attiaaloa cooMr*' 
to tha reflected radUtion that aaea» likely to eaiat at longM> 
wavelengths. Pinal Judgaent of this aspect is poaaibla only 
with reaaonably detailed date of the diacuaaed type on hud. 
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'prnhabillty ch.t ■ glvrn fraction of radlatinn nwrgM through 
(aultlpls) c«fl*ctLon tvom tht Junglc-top. Tht»t d«t« My b« 
rtg«r4«d «■ conpUiKtitdry to tht eh<r«ct«rlittet of eponlnt 
gooMtry when dtoragardlng •poccr«l r«f Uetlvlty and eargat 
intaiwiiy. In this caaa. tht aatrglng radiation ia a function 
of follaga-Blaa and ralatlv* criantaclon. Thla gaoMtrleal 
eharaetarlatlc could b« parhapa obtafnod by Maauraaanta In 
ona apaccral region ehoaan whan the apaetral raf Uetlvlty la 
known* lha difficulty in performing aueh Maauraamta, la 
that— "In concraat to the Baaauremant of the opening geooetry 
of a canopy— a point aourca haa to be uied, the jungle -top 
haa to be Mpped and aUo, dlaerlBlnatlon wat be aade 
becHMo reflected and direct radiation through openlngi. 
Ihe enat practical technique it perhapi a two-color Mpplng 

of the Jungle-top but no alavLe mthod la envlaloned that 

I 

would readily aaaure attalnuauc of Che objective. Thla U ao 
beeauae of the need to dlatingulah between reflected and direct 
aignala. While thla wy be eaaily achieved at Urge direct 
aignala coving through Urge opeplngt. dtaertwi nation between 
low-level aignala could be extreaely difficult unleaa the 
reflected algnal alwaya com* frew a large area wherees the 
direct ilgnal la the aaalUr, the aaalUr the opening la. 
^Vertlcel ta^ecature-dlatribution and hocitontal extent .of 
laothenM above a continuoua fir* of known Intenaity. Theee 
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ictvety erfsi Iv ribcainabU ddCa aie necessary cs dettrnln* 
the poselfolc existence of e measurable temperature rise of th« 
top (olidKv. duv to heiitins by the fire . 

Q 

Teq>erature map of too foliage. Once the poeeiblUty of a 
tenDcraturc rise naa been deduced from meaaurtmncs MnClonad 
before, an attmnpt to detect thin r^ae could be beet aide by 
■eans of an a'rbnrr.e thern:.-'.^ mapper having a field -of -viaw 
■atched to the spatial extent of the temperature rla*. 
^Aaount and concentration of conbuaclon products eaarglng frcai 
the jungle. 

o 

Natural variation of the spectral radiance of jungle-top— 
Data needed to establish the mag.iltuda of the "bseksround 
noise" both In direct and Indirect detection. 
7. 2. J. Forestry Service ProRraa 

In July 1962, it «M found Chat the Northern Pnresc Fire Labor- 
atory, Mlaaoula, Montana (U. S. Dept. of Agriculture} had begun a aoall 
expcclaental program (ref. 7.2) funded by OOM. Co evaluate the utility 
of U techniques In detection of forest fires. The program la under the 
direction of Nr. Stanley Hlrseh. Northern Forest Ptre Lab,>r8tory, 
MlaaouU, Hontana, Telephone: Area Code 406, M3-5167. 

The exparinenta are esrrled mit In the Hlssoula forest area uatsg 
«D AN/AAS-S thermal mapper %^ loan from the Signal Corps, mounted In a 
Twin Beechcraft serviced by Johnson Aircraft. 

Flree are al^lated by burning charcoal In 1- or 4-aquare ft. 
drum containers (10" and 24" bucketa of glowlnf eharroal) at a surface 



*Thli type oi measureaen; h«* been aadc In Operation Troplcan 
but the results sre unkncMn to us. 

7.2 U. S. Departacr.t ot Agriculture, Forest Sctvtcc, Intemountaln 
Forest and Sange Experiment Station, Ogden, Utah, Reaearch Note Ho. 91, 
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Table 7.2.1 
CHABACTERISTtCS OF SEUCTEO SITES 



SITE I 






SITE II 






SprC lr6 




FondernsA pine 


SpfC l« s 




Pt»nd' roi. • pi - . 


SlZ« clan's 




SiiidU polk- 




S-ipl in^-snw 1 1 




O.K.h.* 




Ci-IO Itches 


D H.ll. 




.-b l'ICtl< 


1 !<(« C tOWi rrfl ii» 




20-^0 r.M>t 
.10- Wl 


H«i<IU 

Lr.;t I ' Own 


rdl .«• 


iO-." • l> . 


Aipt CI 










.>.i(tt 1 -t 1 - : 







SITE 1v j 


Sp-i i« - Pur.dci'O'td 


pini 'ptn>KlA« 1 ir 


Sp* i te!> 1' • '> i 


Sl/.i- ( 


Polf St i<>d 




D. 9. H. 


> IZf incie-* 


D. t). H. 2 - 18 1 >ic r- 


1 ght 


20 60 frrr 


IK-lithl I- 


Li^« crown ratio 


50- 701 
W 4q ft/4t.rf 


Liv»- i r».wn ■•alio J<t-6<' 
Bi>al Alt- SO - J li tn,. 


Aspect 




A*p:- t 




- 


NOTE: Thle t« th« only DouBU<a fir 
stand and this may account for sow 
of ttie low prr cent of openings. 



*DiaiwCt^r at Breast !lfight. 

*^HUtio u height of live crown to totul tree height. 

***Sq ft wood at tree ba4e/a<*rp--- consiia forestry Beasuremetit . 
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Op^ i.n\>t» '. : .^^i- f'.- ■ .:■ ; hi A' r 1 J 1 Senjin,^ :'f Tropic* 1 Sur- 
face»-*wjs coiicJucicd n, it>r Phoi ipt' a|t. u . 't . r f 1 1 jc ion Rtric^irch Olvition of 
the u.i. Army Cold Rcpioni firitdttn ^nd E-ci r>. • r»0(; Laboratory (CRWEL) of the 
C:S. Army Kitrtivl Comnwind wit* lor.iini i'ii.ci<^tcy of Mlchig«n. let prl* 
oAry purpoic- wa> ; h« drvt: Icp.rk nt <-'t mLii[i'<drtd st-r>9tnft techniques for obtaining 
d4tA on <1) ttmoir iii>pi(.al -.cii^c-r K^t .;.9 ''soiti. rucks, v<-g-*t<Cton, etc.) 
•nd prcJictioii odu^iorat chit t (-r ist ti > and {2> irvidcncva of tallitary 
activity against vat lous oackgi ou'.d> ( whi !<;'> . vquiptncnt. pt-;aonnel, etc.}- 
The op«ratiOi> wai conducted tn Muvcmocr \1bl in Pu«r)to Rlcu. The taakt included 
(a) a litcratt^rc and airphoto '»tudv \a) int U-cat:on and utillr-*tlnn nf one or 
more pilot study ateas rirpt^s^nt tn^ a vaiici/ of ttopical background* (n) rh« 
iMCallation of special targvti and 'd) tRr conduction o£ coordinated ALi/gromi 
••rial ttnslng oiations (night, day, diurnal oonito*, icaU, dtceccor cypt, etc.) 
*nd («) thtf prspar^Liun of a coiopiclic..* i r*purt with cscunraendaClont. 

On August . 1962 a nirrt wa- Held at ARPA's request to dli* 
cult the poitlbility of a pt^^yOark n.t im jnr inivrftrence. experiment, daring 
Che Troplcdn excrclse. A ORC ooivr cr •iicnacd ■•^d discbsted relevant exper- 
ience. It w«» «({tv«.-a ^t tnt oifefrttr.^ tnat 1 1 1 1 - d« tect :<^n experlfflcna w'ould be 
carried out under the direction ct h:. B '^^T'-t f:-.>it ^CtlR£L. Box 262. Hanover. 
New Hampshire, lelephcne; White-Rlvct ^'lil.ctlo^ vmont. 802* 293*3413) and cheC 
a nc representative would takr patt a« a tcc»t' ual obtcrvc-r. 

Flani for 1ft irttr-.tst-ptit i >n wc'i- dttctlbed at follows: TWO 
IB »vann«r» were Iw b« a iiia«U«f>r-Jt.» i v '.•|iiriaied with inaian:an«uuii f tvl(>««i»f-vi«w 
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of I mrad and ft winj, iittein. i^^. dfr4Jr«'d. An InSb {lu'tv 

detector w^i.ld M.-^ f..y r-ljt!.c!v V.i^ti 5 . -i oi mdiAcmn and a M 
(8a-lJM) detector for tadiei Ion at anbl.nt t -mptrariire. The <ip#ecral ranga 
could b» further l.mited bv (itt«r* to the r«tlona becwaen 3 and 4 aicrona and 
bcevcen 6.5 and 5.5 mlcron«; furtheriaorv, anottier tlltar waa to ba avallabia 
thai aonewhac narrowa the 8|i-lJ|i reRfon to «iiciuda the adgaa of this wIpHow 
that li aeniltlvc to variations of absorber concentration In the optical p£th. 

By kcwping the vatlous detectoi packages pra '^oied during a 
Blaaion a scanner could be changed in flight In about one or two alnutaa to 
obtain a desired field-of -view spectral* response cuablnatlon. Thus, It would 
b« posaible to nap the sane target field vith various spatial rcaolutloaa and 
m varices a^vctral i«giuns, undet practically Invariant conditions: At an 
Instantaneous f leld-of -view of 1 arad, a teoparatura aanaltlvlty of batter than 
0.1*« la expected in the region between | and 6 microns and, batter f»i.n O.OS^K 
la aspeetad betvaan 8 and 13 alerons tor aab lent toi^aratura targaca. 

lha Infornatlon tiaa to be recorded on 70 m photographic (Xlm 
and on ugnetle :apu. (The rape la vrr- impc-t.int as It faclUtacaa the invastl- 
gation of various data processing tf chnf()ti(.<i f^r optlmuB evaluation o£ the ob- 
tained Inf oraatlon. ) 

A alngle chamtei ladlcv^-tet with cither Ge-Cu or InSb datac- 
tor. in connection vlth a chart recordci , would obtain quantitative data on the 
taaparature of the terrain directly underneath the airplane. The tnacnamta- 
tion also was to Include a K-L7 atrial camera and an f-n conMnicatlon link to 
ground. 




O.iiiitt tt.t mv-'tirv r.'tvit-l ^ I (x>(>dicl1ow (ArCIN-lCA) r«- 

POrt«d Cn «1ID(.-I IflU * of A1* Fotr.-. I.M • 1 1 I »»nr> r •.rnnn.t I f bap' f *n !?uth898S ASiS. 

A R*eonof«K VI h4£ bven u^xd <«nb opvracrd Mri«f«ctorlly) in eofljuncclon with 
photOgr«|ihy and r«d«tr (L*bandJ. Itik IB and high resolnrinn radar did not pro* 
dttrp nuch Infonuilcm h^t did inpru«r» uv«rall seeing «onii«h«t. [On ont oecatlon 
a boat In th« ahad* of a brldg* Ma at*n with II while invMlbU on photograph.} 
Ntlchkr atnior gav*.- ouch data on ground under canopy. 

Ih« DRC ooa*ii;<c tuggvstfrd u«* of a thortac %Mvtl*ngth apte* 
tral region at duak and In night* tins alafllona in order to increaae the fire 
• Ignal-tO'background ratio. Mr. B. lyle Han«nn <CU£L) auggeatcd paaalve aicro- 
wave radlonecer nwatureaenta. Mkithfr suggeation waa adopted. 
7.2.4.2. Plannlna 

In October the following general lofomatlon on plana waa 
obtained froa CtlEI by telephone: 

Ihe target^area selected waa In thi-LuquiUo Maelonal Poreac 
(also called tu^ttillo Recreational Area) abewt one-hour drive froei San Juan, 
Fuerto Rico. tHiu im wwuntAinoue and contalne rain fore*t believvtl (o he 

almilar to thoae found In S.B. Aaia. Unforrunattly. the raifforeat la on 
Muntaln elope naklng the geowtrlcal aiiuatlon fur OMppiog unfavorable. For 
raaaona of aafety, the air.lsua eltitude abov« the targets might be at much aa 
3000 feet. Rowcvitr, the icUctcd area facilitates the placeaent of target* 
under varloue canopies ranging froa the coeplrtvly open tu the extrenely dense. 

Plans Included »*tabllshiii5 th^ vharacterlscica of canopy 
and ■eaaureBcnt* were to be nade of the daytime lUusinatlon at selected places. 
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It Wd9 .tiio plan .ed to at tufc ihtt vvilIcaI tcnptrAturt dll* 
crlbutlpn above th« ilr«« up to 200 trtt 11 po*»iblr. by means of hallp.in' 
■runted tenpvrjiur« probv« (ihvtntxouplrt or thvrautora). 

Thr tarffft* would be »moldrr1n| ch*'ro«l, dbuut 10 or 12 lbs 
In b«ik«LH wi U** - I)** di4awi»r. JK« •urfacvtr'oprrdiur* of t«-)« charcMl 1« 
•■clowttd about llOO^X. I'Th*** t«rg«ci v«ry ctu««Iy r«a«nbU thoac u«ad by th* 
Forttt Fire Laboratory, Mlatoula, Montana.) Th* power dlatdjuiiun Iron tha 
cargata wa «i,ptctad to b< PUnekun. aud "quite « ntAbtrr" of then titra to bt 
uaad aliRultanaoualy. 

In addition to th* Uhtvartity of Michigan* a pUnc, chraa Air 
Poret planca frea Roma ^Ir DavtlopMnt Canter would p«rt1rlr*ce in fht Bappln|« 
•a Arranged by Major Yerbrough. The alrplanea wQuld fly. per mlasion, a nua^ar 
of paaaca at v#rioua altltudei in order to Include as owiny different "looka" aa 
poaalble In the practice. No uth*-r data iiere ob.alned prior to the eserdsa. 

7.2.4.3. E«o«rln>ent 

A DRC obicrvvr vicwr<* rhe citpjrlBcnte from 10 - 18 Noveoiber, 
during which roughly half the plannvd ml4«lon4 w*re flowr.. Ml* report of mld- 
Noveaber la given below: 

a) The En'.lrjnmant 

The target region ii in the f^opicil riin forest oi' the La Hlna 
Recreetionei Area that is s psrt of th« LuiqulUo Diviiion o£ ch» Carlbbtan 
National Porest , sooe twenty miUi East of Sen Juan . P\j«rco Rico. The terrain 
la aountainoua with p«akB as hi^ ae J^OO ieet. Thk reir forest receivea an 
annual rain fall uf s»re than 200 inches that falls in about 6 per cent of the 
total tlae. During the wrttt*!. aonths oi the veer 'March and Novenber), rain 
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can b« enpecifd in Ivut o».i •»! fi<fi d»y». Tr-' AvertRt d*yt imr tJtap»T««r» 1b 

tl« IwlBAl ia ivwMv r, «««>i>^» — ^ ....... a. .iii,... 

average rvitfiivv huntditv Is n^Jf* chan 90 Dcr j#ni. bndtr tha»« eondltlona, 
tropical tr«*t grow wich anui lug rapldltv: It fi that nor* than 300 

•paclta hav*. b«*Ti id»ntllt«d. Pvrhapa th» noit frtquantly •ncuuntart'' apacUa 
ara thr Siaria Falc (eut«rp« Oiuboaa), th« Hcathar«<4n« trta (CvcropU Folcata), 
tha giant f*m tttce thai r«ach a hvtght of 30-40 f*t«t. and th« taUaat craa» 
tha Tabonuco (Dacyodca Caitflaaj. Thv avtrrat;*^ dUaatfef of trunka ta parhapa 
ona foot; thv avaiagv a«parailon of trtaa ii on tha ordar of 15 faat. Tha 
halght of til* foraat la about 100 fwt. 

Th« atand of th» rain for«»t aeUctad ::or the primary targtt araa 
la along tha '*La Nina" trail, at an aUvation of about L500 faat, In tha vallay 
of tha U Hlna Kivar. The trail l«ada parallal to and about 20 ocOO faat 
abovo tha rlvar bvd. 

Tha portlcn of rh« trail ••parhapa ona quartar of a «nlLa long- 
along which tha catgrta vara placad. Us not baan uaad for parhapa a faw yaara. 
In ordar tc *<Mk* it pdSLUtU •••iM^UIly mi 

i* o# tn»«rgT"wth. M«reowr. the equlpnanr and aupply had :o b» handcarrlad^ 
an .iccoapliatoKAt that can only be appraciatad by an aytwltnaaa. (For ln«*-«ncv, 
a haavy rain onea earrJad awav a large part uf tht aupply of charcoal.) 
b) Plana for th» l«i»rrlni«nt 

[Parhapa baeauac of ^hv axtrra* affort rtqulrad by thaav activities, 
the DKC observer waa given only a cursory brief Init conceCdlng tha plana for the 
axparinanta and %«a able t» find out about the status of tha Mperlnenta only 
oecaalenaUv. *J According to th« curaory brlt^flng coooercial water buckets 

' i 



ftlUd with buinir^ thdicss) w«ff to r c ds Thv«r cargftt ccntcltutt 

« "tflr'.yblirk-hei, jc'«rc« a( •i.^iu liOu"K. iur a peiioa o* tinr of 6 tP 0 hoiiri. 
IKirlng thit vipcrtiMrnt^. th« 90urcr inc*ni>lty was to bt- ptr iodlcai ly nonltorcd 
by poreablt radicmftrr. Th* carapy abuwf each tArg«t was to b» photographed to 
facilitate dctvniinat Ion lattr ot, in the laboratory, of the canopy character- 
lattca. 

In addtitnn plar<» called fcir Bkaftbrfakiit of ehv lol lowing quant 1« 
tUa: aoil tenperaturk; air temperature. rcUtlve huniidityi wind velocity; 
vertical temp«racur> distribution above aeUctcd targets; typical vertical tea* 
perature disti Ibutlons in the aland without target; iky bdghtnvsa; and level 
of lllualnation In the stand. A scUntltir detcriptlon of the stand and t*r« 
rain was to be reported by a botanltt and a geologist, respectively. 

It was pUnnvd to ubtain images from the «lr of th«: primary target 
area (and of two other areas without targets; - one of the wettest and another 
of the densest stand of tnt- for»atJ In the 3 to 5 irlcron region (InSb detector) 
and. In the 8 to 13 mlciond region (Cu and Kg dop.d o« detectors) bv means of 
a SUdlfied «-.iu A'™'.' AS -5 iin* tcariner moun-.ert i<< i<(*D aircraft. Ihesc 

StAnners can be op^rat^d s Imu? taneoiis ly t.^-ept uhkt. art of tr.is !• L«.ing re- 
placed by a K-17 came<M. The Instantaneou* titld of view of the scanners de- 
pends on the size of the detector in use. Either a nominal (2 mrad^^ or 
(4 arad) field of view can he ac^iUvrd. Ihe »tan field of the scanners Is 
120° and 60° rejptctlwely. The signal f'om the scanneii was to be recorrted on 
magnetic tape and on photographic film. Th« photographic ici^otds vrt to be 
developed after each emission; the tape recordings ere dearined for detailed 
evaluation in the home laooratorv. A chopper radiometer hss been Installed in 
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th« alict4ft. wi'li in li,-,i«iitdnv>>u4 tif\d >>( »ir« ond tpvcirai responae vhlrh 
c*^ ■»li>et«d to mitch thv «cannrr» Ih* radtoovtvr wat to mvaaiir* r»t* than- 
lurr Ircadlaniir nom j rtrlp .'f :hr tar^vt arr* dirKtlv underneath the air- 
pUn», Thua. bv corrrUc lv>'>. i'«-a-)I.i:>i.w froa thv ^ntlrv wcan <Uld aay 

poaalbly drt«rnintd fn nc«iBr Uboraioiv 

e) pfyUplnfry E^>vU-; 

It ha» been ob»rtvvd that th« llmlt'd rat* uf cliab and d»ae«fit 
of th« airptan* pr«v«nccd lowaltltud* flighta (Itis than anouc LSOO (a«t abova 
the target arta), while low-lyin^ clouds OMaked the mountain pcaka during a 
largt frartl!*n 9* the ti'-c. kg i coRsrquenca of cheat condlttona, tht alrplana 
Mia In flight lesa than a total of *2 al^'bome houra<-out of the planned total 
of 2f> houra>-from W«dneaday noon until Sunday avonlng (ISth of Novrabar). Cvn 
•o, tht airborne tlaw often failed to result In laagary bacauac of unaucetaaful 
attenpta In breaking through the cloud covtr. Alcogtchcr, a dntan pitaaea rt- 
iuletd In UL inagta. A curiory loapectlon of thtat recorda rave«lad only two 
'^ot spots". One hot spot ateate4 ro appear invariably In the recorda; thla 
wa« tmpoAflbU to quickly iA-ntifv. hut the lRv3'-I*-r "pn^Ft'^tua pointed to a 
source tocatiil in an open ar^a not identified In t*st plans ac this tiot. The 
other hot spot could havr beirn a target, located pvrhapa oa a foot bridge 
across the tiver, that Is also in a rath«r open area. If this quick aaaeas- 
atnt Is Gorrirct, not one of the 12 targets undei heavy canopy h«« been detecttd 
with a sufficiently high signal for a ready identification. 
7.2.6.4. Crlt ^9^y 

It appeared at thla tint that the esptriotncal results con- 
firmed DRC cKpectatlona of |^ swing atanv of the targets under very dense 



-7 55- 




RAnopy. [Slncv chls liiM;. vetbal reports indicate ihd'. »ub«irquen£ mlaslont 
a Urge frftcti'"! ot t«rKct«. a ciitooikianvr whXth Is dLfftiulc lo r«conc!U 
with Cnc ««rlirr aUslon* and probability calcuUtlona it th» covar v«a iB(l4td 
dant«. Sinc^ th« Iropicar. report Js not vet available the aolutton co thl« 
■yacciy li unknown.] 

Ovtalled plana for Instrtnentlng and laying out the axpcrl- 
■ene ware nut made available to ORG and hence could pot be cri'iciied. Aa 
nearly ai can be detcralntd no acattatlcal anAlysia of the cxpetiwat was nada 
In the planning etaga. 

Subaaqucnt Inforvadon la that, baaed on the verbally re- 
ported very good raaulta, there la hi^ enthuaiass ftjr the technique aa a 
poaalble ready tool for ua« In Viekiiam, for pinpoint reconnaiaaucc. 

It la the Contractor'* opinion that conhldarAbly aorc and 
careful local experlaentation ahould precede anv csoBltmbne to an operational 
experioent. It 1» clear that firea can be detected under certain condition*. 
It la certain that not enough experience ia In' hand to define the reliability 
of detection. Further^ the Contractor oellevefc th«t detection can be Icproved 
narked ty hy a relatively eaallydeveloped equlpnent opclalzed for chla purpoaa. 
It la possible with such rqulpnent. hunter*iilllei' miirlona itiiyM becoM feaal- 
bl*. These BHtters are dealt tfith In greater detail In 7,3. 
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;.3 PROSAB.' 4.1TY COHSlDEHAriONS AND NEW PUIPMSM POR FIRE DETECTION 

A pxobabiJlitlc contldecatlon of finding unobscured \lnM-of-tlghc 
to Ch* targcta, and, «n cut lint of cue pertinent tuture* of «n oquipmrnc 
tailored to the conditions described h^rvin. 

COWTENTS 

7.3.1 Introduction 

7.3.2 The Geometrical Conditions of Detection 

7.3.2.1 Definition of conditions and terminology 

7.3.2.2 Elcaents of probability used in thit investigation 

7.3.2.3 The probability of teeing targets under canopy 

7.3.2.4 Sane specific niaerical eiunples 

7.3.2.5 Conclusloni 

7.3.3 Outline of the Features of an Airborne Equlpoent Tailored 
to the Geonetrlcal Coodltions of Sating 

7.3.3.1 Scanner 

7.3.3.2 Recorder 

7.3.3.3 ScBt aspects of feasibility 

7.3.3.4 Conclusions 

7.3.4 Smry 

7.3.1 Introduction 

A canopy mAy be defined as the entity of opaque objects of som abape^ 
in randn distribution above a target field. Depending on the configuration 
of the projected areas of the objects, a canooy nay cover the targetfleU in 
various degrees between capiat e coverage and no coverage at all. 

Thus, detection of « target tuuimt a wanopy L« dependant oa "geosietriC4l 
conditions" inposed by the canopy, as veil as on ''physical conditions" such 
as the radiant intensity of the target, range, sensitivity of an equl^ent, 
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«tc. We tefer to ihr fulflUwent of the geonecrtCdL tondJttonf as ^'attlng 
the target," In contrakt to th» «imultan*pus fuliiUnent of th« gCMCtrlcal 
and phytteal condttlona whuh load* to tne "otiection ot en« target". 

The flrn part of thU papet l» devoted to tht dertvatlon o£ analycleal 
txprciaiona ot the chuice that one ha» — llBiietf because o£ the ge«iMtrle«; 
cottdltions ot seeing a pclnt tazgvi from the ali. The »econd part presents 
the pertinent fe*iorcs of an airborne equipment tailored to the geometrical 
eondltiona. 

Although occasioned by the fire detection problen the treatment given 
here is general and elementary details are Included to promote easy reading. 
HoHtvar^ the entire problem must be conHdered In reference to pertinent 
infoiaatlon In 7.1. 

7,3.2 The CconetTical Conditlona of Diitectton 

The objective of tMs portion of the paper li the determination of 
the prnbtblllty, under vhtIous conditions, of leelng a target. It is 
convenient to define tne condiilonf And the i-ratnology to be used as 
tollows: 

7.3,2,1 Pafinltlon of Condition* anJ T eminoloav 

Ue consider two generally distinct conditions* 

Condition I 

a) There ere a mnber of Identical target* ranJuBly pUced under a 
canopy, the location from which the attnpt Is made to see these 
targets, is called the "point of looking." 

b) Consider solid angles^ centered on the radii between the targets 
and the point of looking, with apices at the point of looking. 
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ThcM colid sitAica of idincical abtoluct value vlll b« called 
(one at a tln«> instancaneoui fiald of view (« l.f.v.). The 
l.f.v. it liaited at Che lover extrcse by the criterion chat 
Che areii subtended of a target suet be Mich leae Chan che 
i.f.v. lubtended area (.i.t., che cargec la a "point" target). 
Ic II limited ac the upper extrcne by the requlrenenr chat Che 
l.f.v. never include more Chan one cargct. 

c) Target J will be contldered "leen" if they are viewed aC 
aspect of "h«lf-nioon" or "more-than-half-moon"; Chey will be 
considered not seen if they are viewed ac lest chir half-iaoon. 
An addle ional tit^ultaneous condition Is chat an area around 
the point of looking subtended from the target by a solid «ntle 
of the order of magnitude of the target's from the point of 
looking, is seen at least as a "hali-moon". 

d) The point of looking is taken random within the total solid 
angle with apex at the cargct, in which a canopy exists: We 
nail this tfolld angle the "^Kgie of hiding". 

e) The "field of search" for a target is restricteC to the angle 
ot hiding Inverted so that its apex coincides with the point of 
looking. 

f) An clemeptary area seen by the l.f.v. in the tie Id of search is 
inveaclgated for target only once, ac a "look angle" chac is 
taken rendoaly In a vertical plane chrough the point of looking. 
However, the randcnness of the look angle is taken to be 
IdentlMl to che randaoness in sp^ce of the point of looking, 
ao chat fixing one deceraines the other. 
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|) Thi point Qf looking is t^kan to aovt wlch conit«nc voloclty «C 
con»CAnt Aldtudv,. tiiv iuok «tngtc IS CAKcn co run tbrouch 
rhc inrtr^rrrinn of tho cm* d^tvramed by the fic^d of jurch, 
•nd thi pUnt ptrptodlcuUr to th« vtloclty victor of ch« point 
of lookittf. Iho anguUr v<loctty wf Cht iook-anglo't running 
leg Is CAkon high roUtlvt to tht vtloclty of tht point of 
looking, to chat cht point of lonktng apptart itatlonary during 
Cht tlM (calltd lint-ciat) cht look-anglt runt through Ita 
rtngt. 

Condition 2 

a) Tht ataturt of a canopy 1* Itt avtragt dtnalty <c) which it dt- 
fitttd at tht ratio of tht intagractd telld anglat from caxK«i. 
■ubttna-c: by tht opa^t objtctt in cht angla of hiding, to tht 
angtt of hiding. 

b) Tht canopy within tht anglt of hiding it taktn eo bt hOBOgtnteut. 

c) Iht dtgrtt of hoBogtQti.ty It taktn Co bt tuch that in any scrip 
of angular widch • compontnt ot i.f.v,, paralitl co tht vtloclty* 
vtccorj tht canopy dtnticy it tht vaot at it i* in tht tncirt 
anglt of hiding. 

Undtr thtit conditions chtrt art thrts casta of parclcular Inctrtst; 
cht point of looking at any givtn tnscanc aay or nay not ba in a vtrtical 
plant chaL gots through tht targat and ts ptrptndicuUr to tht vtloclty* 
vtccor; the point of lookini aay or aay not ba in an unobscurtd lint of 
tighCi and "ht look anglt'* running leg nay or may not aufflcitntly colncidt 
with tht radiut vtctor, to fulfill cht condition oi half or mort aoon. Tht 
thrtt casts raprtstnt, howtvti, only ont random condicion oi sttiog, btcautti 




o Tht point ot looktns hut btin.. or wlil bt «t •«» oth«r tlmo — 
»or tht duration of on* itnt tliot -• in • vortlfAl pUm, «- 
cuiUlng 10 condition Kg'* 

o Tht coliicldmco of thv look anilo** cuttnli« !•« wicli tho radlut 
vector to thv point of looklni^ and tht Utttr botflf in «n un- 
obtcbrtd lint of ilgh; art idonttcal eritorU, for cho point of 
looking !• raktn •cacionary for th« duration of a Una tlM. 
That la, onco tha point of looking i± In an unobacurad Una of 
light tht running itg of tha look angla will dafinitaly ceineida 
with tht radlu* ttctor at *(»ioa "Inttant" during tha Una tima. 

Contaqutnt ly« tht probability of tttlng a targat fro« tht point of 
looking tqualt tha probability that tht iky (to tht txttnt dtfinad in 1(c)) 
will ba tttn froB tht targtt in any randomly chottn dlrtctton wUhin cht 
ai«la of hldltig. Tha darivation of thlt probability it found in tubitqutnt 
paragraph!. Flrat, howavar, tha mathtmatical teoU uaad in tha darivation 
will ba tuoBarlaad. 

7.3.2.2 Eltaanta of Probability 

nie traatsant of tha praaant problm hat bttn battd on tht 
following alaaanta of probability. 

the pr^bility V that an avant K occurs it Hcfinrd at tht 

ratio of tha mabar, k, of favorable poaaibiUtlat to the ntabtr, t, of all 
a 

the peaiibilttiea : 

*ror txa-BpU, e Bight bt an act of drawlng-bltnd£oldtd--ont of k rtd 
Mrblaa out of an urn tiMt kootaina i-k additional blue and/or green aarblaa. 




rhu», tilt pcolMblliCy I* • rt«l fraftton, ch« llalts 

if vhlch «r«: 

V • u • Impoivlbllity. 

Moraovir, slnec Ic it ctittlney tnti «n tvtnt ticlwr occuri 
or dott noi occur, tht proUbiUty (hjt cht Abovt ovtnt will not occur It 
I - V. 

Pren eh« «bov« dtflnition, thi followtni rtUtloni of 
inttrttt CO ut for cht prittnt problem fellow: 

«} Tht ProbtblUtv ch4t A' I of n Indtyndtnc Evnt* Occur 

Contid*rlRg Jute evo tvdncit for tht aomtnt, cht probtblUty V 
that both the indoptndont tvtnct t^* tnd Sj'^ rttptctlvt probtbiUtltt 
v^' and Vj' occur, It V* ■ v^* x Vj* • For, vhtn th« ovtntt art coaplttoly 
indop«ndtnt| all tht cattt that art potalblt for C^' can coablnt vlth all 
Chi cattt potilblt for , rttulting in i^* x t^* pottlblt cattt. 
SlalUrlyi all cha cattt k^' that art tavctrtbl* 'or E^' can coabint vlch 
tn« k.,' favorablo catt^ that prtvail fot E^' , ratuLtlnf in k^* x kj' 
faverablt cattt. Thut, 

k • kj' 
12 * ^ 

In itnoral, for n tvtnct (eaitting cht upper indtk); 

V • V. (I) 





b) Tht Probability th «t Etinwr Cut yt n Kutujliy 
E ncluitvg Evcni » fK cut > 

Uc kj" c'enotc the number of f«vor«bU of tvtnc E^'* , kj" 

danott thfl fivotubU ca<i«> of Ej" acid denott «ll iht po*kibU s««m, Chan 
tht probability V" chat either cne of th* f^v^c.wlc vv«ni» o«.wui*, la 

k " * k ■• 
V • -i i- . V ♦ V," 

In tdntcal, foz n rv«iiL> \t.<Mittlli^ tlir uppti iuu««): 
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e) Tha Probability th*t At laa>t On» nf n Indtptndant Evantt Occur ■ 
The poiilbla coabinatlortk of tha indapandant avanto B^"* and C^'" 
of raapacciva probabiUciaii v^'" and Vj"' arat 

favorablt: V|"'» (I - Vj'"): v^"' (I - v^"'); v^"* Vj"' andj 
Unfavorable: (I - v^'" j (I - v^"'> . 

Slnca tha tun of all tha coabiaatloa« aquali unity » tha dtf- 
faranca batwaan unity and tha kia of tha unfavorabia conblnatlont (which la 
eha ata of tha favorabla coabinatlona) l» the aouitht probability, V"* 



UI) 



U Ml „ lit 

*1 *2 



An aiuuBpla of BuL>j«ny a«b-iu«iv« «vancft l* tha d rowing of a rad or 
whlta aarbU Iron an urn in«t koni«iiir a«ibla» of blue and/or graan aa wall 
aa red and white. 




index) : 



In sen«i«l.. for thv CA«e of n cvtnct (onUttof th« uppoT 
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whtrt tht odd nunbortd tttwi *rt posiclvc and tht •vtn numb«rtd t«n« «r« 
ntgAtlvt. 

In «ddlctoo to the rt Sat lent «bovt. It nay ba racallad that 
tha ealculuL of probability la laaiiy u»tful only whan thara ara a vary larga 
nuabar of easoa at ona'* diapoMl for avaluattun. For instanca, ia flipping 
a coin 6 tlmaa, tha axpactatioo 1* chat '■■»^:"« -^tn cwwa uo 3 •■£«»; navartha- 
laaa, net alwaya will thraa haad* cona up ahan rapaating thii proeaaa of 
6 fllpa In a raw. Aa a Mttar ox' fact. Lh* davUtlon froa tha pradietad 
niabar of haadf taay occaaionally ba aktrant: it 1« ^utf probabla that no 
haad will coow up at all in al« conftaiuilva fUpi. Kowavarj aaklttg tha 
proeaaa In groupa of not 6 but 100 flipk. haada will coaa up SC., pachapa 
alao 48, 51, 52, 49, 47. 51 , i !»»:-., in any c*fc# ! h* niAbtt of tiaaa whan 
haada wlU gob« ap will not differ vary such froa 1(2 of tha total nwbar of 
attaapta. Zn othor word», tha law of Urga ntabaca aaya that 

0 only in aufficlontly Urga nuabar of attaapta will tha at^or 
of actMlly octurring avanta, baglo to approach tha product 
of (oiBbar of atceapc*) n (avaraga probability), and 
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d « pt«dUc«fd co'uU i<«r- be <*rhicvfcu with cccAinty pnly at 
Che I mil ot «n intimce nuo&ff ot ^cteapcj. 

ty This f.ir* . dp Jppji-n' fwr^dnx brcorats clear: Lac us 
•fliuD* that In the pracc. t of flipping a toin, 10 tioes in a row tall* com 
up. Through a ha»ty con* idet^t ion on* wight exptc c tnat tmau Lk aort probabl* 
for the 11th attciDpt. But,, vhai irv. •r:ow> force stiowld act becauit of Ch« 
ouCcoBt of the previous event':,, '.o C4u>« htf*dft to cone up next? Such a 
force does not exist except for A'-ddin'* Jmnl or a dubious gaatbler, and 
the eventual a&kumption that "for compensation now a head oust cooM)" la 
eonpleteljr false: fnr. onlv an eiii.re«ely large nmber of atrcopcs can resulc 
In a "conpensat ion/' I.e.. can lead lo a value tnat equals the probability 
tines the nuabei ot atteopt-. 

rhe law of large numheri can Hr used 'o poscertotl* to 
ascertsin froa ob*crvaiions (»ucn 4* peitentagc dHrh at vacious ages) 
certain probabilities (auch a> fmit life eHpecianc}') by taeans of which one 
csn derived-through coabination* '*ith othei probabilities <SLCh aa advances 
in mridlelne. taprovcd living Londitioni< -new probabilities (Such as future 
Ufe-expectancy). It will be ««en th^t it i? «?iential to have a stAtistleally 
valid base (l*e., reasonably larije nuab^r?) in cxpet iTtt^ntil v<triflcaclons, or 
predictiuns will bt very shaky. 

Wc th^iL cloke uui rei.ollcctLon un tne general Interpretation 
of statistical daci^ with a reference 10 chv lypital ippUcM*. Ion of proba- 
bility to corpuscular phcnoa«nj in phy»ik:;. Here the Integral effect of 
corpuscula are ac(uiAt«Iy dertrlbcd by aean» of »'-ac i»i ical law«, for - -at 
the very large nuabvr; of <ito>n* usual iy involved in related phenooena the 





Uw ot Urgf nuabvf -»«o»t *lw«v> applied v» wll that rt«il»cie«l reUtioM 

-i.Ui wUr«S£r of « natural law. Wh-n exp«Tltt«t:t4l ob«*rw. 
tloRS car. b- r**tr!t t*** ' r^i.ir i vlv few jitooiP for. thtoiecic«l caleuU- 
tlona •« foctfiK made for a rtUtiveiy tew atw). only then are devUdoni 
from the prediction of average probability I i.e., f luccuai lon») first notlca- 
ablc. Indicating that the realm of random phenomena haa been entered. 0«tp 
In this realm on* hardly see* -nyc».ing el*-e but f luctiiar lon^ (notse). 

Because of limitations in the practice (In an evperiment, 
lor Inetance), z^t range of attempts rMll»tl« to consider in the preient 
caae, lead* u« Into the vety random region of the etfect of geometrical 
condition. This altuatlon calU for a careful interpretation o£ the con- 
cluiiona to be drawn, eipeciaily when a tompatiaon to a very amalt auipU 
of actual data 1» being attempted. Nevorthelesi, with proper care, In- 
formaLion of great value can deeuted even la this caie ai will be 4*en 
from the diicussion to follow. 

7.3.2.3 The Probability of Seeing Tar^ Ti Under C*nopy 

The average ptobabiUt/. that a target under canopy of 
the average deoiity c, will be seen xn any one attempt, iJ 

P • I c 



Then, the average probability of the spetlflc event that at leaat 



one of N targets will be >een in any one •t-.empt. ?(^) l» 



P(^) » I - M-P • 1-4 ) 



(2) 



because - und.i the condition* defined m Che first paragraph - the ev«it 
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of ttcinn on* l4r%9i is cmplr'ely lndvp*nd«nr ol ihr *venc oi t««in| In 
the Mn« •tttfnpt ^nothr*' t^rsrt. 

Eqvudon (2) if ihjwn k»*i(MCed in Fifturct 7.1, ta. and 7,3. !b. 
In frigutr t.i.U, Che proDdbiUcy v« u thwn ac 
various valuvs of X p«raavter. Fiyurt /.i. lb ihwt N v« l with Pc^) as 
paramactr. Ai ic is lapliciily »*cn in the figure*, the foUwlns con- 
clusion of particular interest frws ^ pruiticjl «t«ndpotnt nay be drawn froa 
Equation (2): 

0 The race -■■ • c ,ln c (c < I) «t which the probibtllLy 
P(^) Increases with Che increase of the ntnber of car|cta, 
la decreasing with inc reeving nmber of targets. 

o Ihe rate is higher at higher Z than it is at lower c. 

o The rat* ii high fir»c (linear region) then it bcccnes 
Increasingly lower and lower with increasing nuaber of 
r-rgots ««k/mptoLic region). 

0 The relative gain in piobability that can be obtained when 
Instead of one target a Urge nunber of targets 1^ used, la 

Buch higher az high tanopy-denf ity than it ii> JC low density. 

o The race ■ - £ • - N.c at which thh probability decreases 

with incrMSlr.g cAnopy<den*ity , is the siMller the larger 
is U. 

Consequently, the niaber of targets necessary to aaincain a 
preset probability .(a probability ot 1/2^ for instance) is heavily dependent 
on the canopy-deiisity. if it is isprattical in case of high canopy 

density, en askure a dv^ireti probab^U^ th« ntsaber of C'irgets ahouiii be 




Mdt high «« posslblt, Incrtavinit u tn [K>iiit , tor Ir.starxc, whtrs tht 
dtvUtion tron ch* Mxtaus Itnltlai* U( low N) 1> not iMir* than • 

pnecical v«lu«,. tuch .if aight be •10'.. Wtch oeh«r wordi, the ntabtr of 
targets lu b* uvaJ In an enperiacat xRould ea dttaralnad by the avtngt 
canopy-dtnvLty : tht nuabcr should ba high when cnc caai>i«y-dsnslty La high 
and could be but decreased In c«ae ok canopies of leaser denelty; but 
unless Cher* vas sone other over Tiding a«prci - should not be done in 
the reverse, These conslderatlors appear especially ilgnlf leant tn view 
of Che fact th«t a zealLy aeaoingful evaluation of detectabilicy, baaed 
on experlnenta I data, carnot be done without, because of the very nature 
of the involved phenoaena^ a Uta* nuober of aaoples. 

In « alight detour,, let's consider next tne N target* 
diatrlbuted under various canopies within the density range between and 

e^. Then, with 

I 

' Q • (.laber of targets under canopy of the density- range between 

e and c * dc, 
%^ ■ nunber of targets »een chroufth canopy 1, 

q ■ average ntaber of target* seen 



Q(P) P dP - q 



(3') 



l<c 



In words f q targeta out of the total of 

l-c 



N 



Q(P) dP 



l-c 




(3") 





r 



(Ul JflJiJI 1111 Mil 



tcigrcs tolll b* •t*n (in any one «t(rst>t) whrr* P !• «• gtvcn by EqiMClon (I) 

^imc ic tft ot Ki«>*t lapoitcncc to dflcira*nc th« tffcvt of 
vtrl«rion» in r^ropy d^r.* it >■ . ml.UU (rit«inly a^Mt In Che teal vorld, vr 
141) define frns th» r»l.<ttc o( <q • (l-c .)N an tquiwcicnc canopv-dcnalcy 

c 



I c. 



Q(P> P dP 



t ■ I - — 
• 1 €. 



f 



t c 



Q(P) dp 



For inac^ncc, ttia tarfcta nay bt ditcrlbutad In various 
Mnntra aa shown for ^ 1 *nd < I in FLsuri 7,3,2^ below: 

(yisiiibuiion)' (dlftribucloa)"' 



W I 

« w 
E «« 
3 • 

e 

■ b 



o o — 




< Canopy*d«nalty, c. 

Figure 7,3.2. llluatrative diktribuilot.* of cargeta under canopies of 
v«rlous denaltlsa. 

Then . using Che notations of 1-c. «b. Bb«<}. and l->c«ii and. for (distribution)' 

0 ' D 



^ote that q la aa defined before and is shown versus 1-c, Instead of 
versus c. 



1 




i 




Ihcst ex^plct nmvrii4iiy •Uov che obvious ftcc thut Ch* 
♦•qiiivnltfnr cnnopy-den« i t y In laTg*>r th* nor* ths? f^lft r IbtiC ton In ■ 

given 4cMity r«nge tsvors dcnsci can.iples. When tht diitrlbutlon li tyn- 
attrlcal, ch» «qulv«ltnt dea»lty If thr ^rlthattlc mean of ih« extrcncs of 
Cht 4cnsity-[4ngc. 

Furth*ru»re, i( Ukely ttut^ a rtladon derived for 

a given canopy-d«nslcy taay be <j>ed ior i he time nvaber of cargecs tmdcr a 
range of canopica when the distribution la auch ttwc Che equivalent denaicy 
in Equation (3) cquaia the given dcnaicy. 

Ih'iS, Che effect of placing m a given diacribucion a nwbor 
of targets under various canopies can be evaluated in a alBplc Banner. We 
will oBlt In the future Che bubscfipc e but will Always m««n equlvaleaC 
canopy-density. 

The Bain Intereat concerntng the effect of the geoBecrlcAl 
condicioOMj f a general expresilon of the probability of seeing, in any 
one or sort atceapts, at least a cetratn* iiacc ion of «uy auDbcr of target* 
under a caiwpy oi various densities. Tht» expression nay be deilved as 

follows: 

In caae of N targets. ««ch of the average probability of 
seeing as given in Eq. (1)^ an attcapt Bay consist of the particular 
assembly of seen targets (all nf che»e denoted vith s because the targets 
are not distinguishable) and targets not keen (denoted with f) as follows: 

si^ ^ ^ ^ 

» f f » . . . 9 S 

'leading to an Integer ouBber of cargvCii. 



Kor A nun&er at mur-.^i, o: cx^iily Che average pr«>b«« 
bllity LhAt Lhis cv«ntj ;n an a»scfrjbty d% above uccurs. is 

k N-k k N-V 

Howtvcr, k ••vlng» could «Uo ocrur in Another Ak^eably of kucc«a*«« 
(tttlngs) «nd failures iucti a» - 

si/ J» «ci/ ^ 

f s f s , . . • « 

Atcogccticr, there will b« N! assemblier. But. W. aiienbUof' vtll bo in- 
diitintulfthAble because cht csrgezs art IndLicingulihabU and. (N-k)! 
aeiCBbliet will b« Indlscinguishablc because the faLloret «r« indUcinfuUh- 
able. CoMoquanc ly, chart will bt N!/kJ(N-k>.' different aaaaabllee and, 
tht avtragt probability of seeing txaccly k lArgcci ir. an atrcapt, P(JJ) li 



By naklng nw. in»ceao oi onlv one r ar:e=pc»,. each under Idancical 
corJltions (chi same targets In tht aamt arrangement under tht taat canopies), 
tha cf'vci mLll u« LiMi of dealing witn Nr targets in ont arccmpt. ihcn, 
Cht probability that txactly a fraction nf i,ht Nr rargeis. will be seen. 




L'qi>.i( I or. ()> f>tv(-s thi piob.tbi lliy ot nnc ^'wnr i hrti kiiittiut our criterion. 
HiWKVt'i, I 111* .-:ir.":ijn >«i l^a st JNr (eelnRs vill «lflo b* tuKliUd by 
oihor evviitf (.hat rtsult in ■ore th . in J Nt ■eeliigt. Slnca the taalw m^ar of 
pQ«iilbl« »««in(i« t4 nr, rharc will b» «ltogerhtfr Nr--7Mr tucn avanci. 



iiu«, tha dvarAta probabliiiy ot avparlanclAg Ifi r «Ctamptt 

Mr 



« total ot At t«.i»c ?Nr Vtfvlngfe of N targati under canopy mv ^ ^' 



Nt ^ 



-1 -Nr-l 
P . c 



i-3Wr 



Fine, It thguld be noted that 

0 bacauaa It takaa Into account all the poaelble 

N 

evcnti, P(||) equala to unity. 



io that 




0 becauia It Includea all but the elngle event 

N 

of not «ielng target as all, P(|^) la the 

probability of laeiag at loaat one target, 
0 the probability of the event of not eeetng 

target at all^ ?(°) " c , 



We denote "at laaat k," with >k. 



P(j,) ■ 1 • c . - Thai la, Equation (2) U th« rtduccd (om of Bquaclon (6) 

for tilt c««« of vTfr - I. 

Soiond, tht ovalMCton of LquaCiun (6) for variouo valuaa of 
JMr li rathtr ciM»coratMlng. 

For "hla roaaon--althouch ntsorlcal tvaluationa of Equatloo <6) 
at various C , for a ran/; oi tir and c, arit taporcant and ahould bt eoBputcd, 
tho foUouint axaapLti art for only ona pair of valuta of N and e. 
7.3,2.4 Sane Sptclftc Mwrlcal gKaaplea 

Equaciona (3) and (6) hava baan avaluatad fot N ■ 12, and 
e • 0.83 Bad art plotcad in Figuraa 7.3.3a Mftd 7.3. 3bj ratpaedvtly. Flgurt 
7.3.3b ahowa chac cht avara|o probability of aatlnc at laaac ona-chlrd of 12 
targcca In an aceaapc la 0.09, or, roughly, 10%. Whlla thla aaw raaaonably 
high, in aaeiaating tha tactical valua of datactlou of flraa by rtgular 
rtcooMlaaanca, it la parhapa aora laportanc to dttbrmina tha Ukalihood of 
■aintainina thla Uval (or any othar aalactad !rval) of parforsauco. 

In Tabla 7.i. 1 ara givtn tha pcwbabiULiaa of aaalng, in aacb 
and avary ona of attmpca, at Icait, ona^twalt'th, ena-aixthj 

ona-'ourch and on«-chird, of tha cwelva tartaca. 



TabU 7.3. 1 Frobabilitv of KHtntalnlna Parfomanca 



Laaat li\abar of Targata to ba 
laan Out of 12 Undar Canopy of 


1 


2 


3 


4 


liv«r«t« ProbabiUcy 




0.55 






Probability tM Saa Laatt Niaibor 
of Targata la All of 10 AttMpta 


0.2; 


2.5kIO"^ 


I. Alio"* 


5.4«10*" 



*nioaa probablUtiaa ara not thoao for aaaing praaalactad ajfaragaa of 12 targata. 
Thaaa would ba glvanby Cq. (6) which la not coayutad. A wary rough aatiaate of Iq. (6) 
indlcataa tha IfRMilCT of aaaing on tha avaraaa ifU and l/i ot 120 targata veuid^bq 
about 10'^ and^O** Vio"" raapaativoty. 
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{h« itlctoUted Itfm pi .it- 1^1 lit y '^t "c'prndui lb i parfomnct in 
trcinii IjiUi' t:.;tt.'ns ot tM^ ti*l^: iv«iy leull n-uBbtir .>f t.tr|et« at raUtlvcly 
I jnopyo»n« it y t«Mv> 4 yrt ^ j * r t»>ii» ..>.<»il>>i> bli« valua of 

thit p^'f t> itj^S . tiytht^i ut vranning tyi drt*cilc>n, ^nd hjt lapllcacitffit eoncarn* 
Int th« typt ot vvpt;ti««nt4l vvtllii.itlon n«b«»««ry. For chl< ruson, a nau 
and .iittaiaiii cyp« ot «qyip<«r«it t» tyt^^v^i^-i in (7.3.3). 
•'.).».} ^ la* ' 1 " 

lha naoMCriiAl (i)nJiil«>ii drtafctioR, maaaurad by cha proba- 
btUcy of ttalnf, la a aeronn function of titnspy-clanatt/: cha probability 
r«pLdly <iacra«i«» with Incraailng dvnaity. 

Ihlt rtUcion bacwaun probabllicy and tanopy'danalty itrongly 
iufiatfti daft (lira ruloa ro follow in tha daalgn of akparlaanta for cna oattb* 
Itahaanc of Chi dcgraa In whten varloua faccort affacc Cha dactrtlon of point 
ctriati undar haavy lanoplaa. tha ralaelon aUo »uggaata apaelfle aeannlnt 
MChoda for utt In a tactical aqulpBont. 

In caaa of an akparlaant It appaar* unquaatlonabla that uro 
t^P2<>r4 •■„,uM h* %t>m h*«vi«r 1« tha ranopv laUctrH f«ir iRVcaclgatlon. 

Furtharsera* 'aa auggettad aarly In cHa atudy--anvironaancat xoaaarch, Ineludlttg 
collactlon and avaluadoti of tt*il*tlcal data on a variety of eanoplaa oaaai 
nacaiiary prior to axtor.«lve axparlBantaiU;.. Uith ilatltclcal eaaopy*dat* In 
hmtvif a lu«lcally lound ahO raaaonably controUad datacttun>a«parlaanc coulo 
ba daaignad for a aacond pt.aftt alaod at cht varlfUatlon of pradletad roauUo. 
Than In tha taparlBentat «!i.:££tlan phaaa tha laportanca ef othar factor! (pot* 
hapa unforaaaan) vould atand out stuia (taarly* Sound planning of an oxyariaont 
ahould at laair includa anaiyaaa ".o dotaialnt cha ainlaui nti^or of Cargota 




;.)8a 




«nJ itlfhi* r.vcc»i>Arv- t«i i-ntrdt! cnv iio^trrJ l.<ta vich nlvcn confidvnc*. An 
•ttca»i iKoiitd 4isc> b« wdi;, wiih «LnlUr dnnlytiik. to pUn tht txparlMtl 
*9 at to MKlatxc cht d^t i obC4inab!» xx x given cofC levei. 

it appviirs tn«t. citt «iver.«^« infonHtlon obtainable in a 
nuBbtr ot «tteopi» (runs) with * »canni>i5 teCutik«4w> that takaa onlv ona look 
at each «l«««nc of she t«i««c tl-ld i» iiuccepiably \9d tor tactical ua« 
*<jinM h.«'*v. tt-i..>rtti. vtp:.«Lii. *iA le^iablv Lulkiiiui it^n Kgdcdlng Lh« 
■kltftvnce of tar^acft under tutAW «.«nopy uay only be obtained when the canopy 
It aearchfcj for openings ov«r a tlgnlfiCAnt range of Look angles. A serlt 
figure for cq^ipoent, fron chi >t«ndpplnt of conpatlbllLty with g«0M(rical 
ceiidltion», bould be based on quancieatlvcly tApreiBed probabiUtiti of 
"reprodudbla" perforaance. 

Xc appear* chat unJei geo9ecrlL.«lly open coodltiona 
(c < 0.3} the Unt-acannlag thecaal napper may ba accaptabie for tactual 
•ppUcetton. For 7 up to 0.8 (0.5 < c < 0.8) there are very aerloua deubtt 
CI CO udtlcy^ ind fs>r c > 0.8 It li tlear iit«L nvb intiruacntatlon is 
needed. 
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Ih.- i)!^^^?!!!!!^ c9t<«l>lt«ti d in (h- flrat part ot chlg r*P«r Indl* 
*<*y «fiu^ ^ vt*t\ t«w ut 4 nuiODvi ot tcrgtt* undfr 

c«Ropits of deniltivt « 0 8. <:.«itd bv imUitUatly frftp«cc«d CO bt 
Slncf ih« «;onditlJni dcdnvd K>r the dvtlv«tiOR ol thi; pro<i«tlti«i art 
ttcfntlally rhf sp«ctf tcaci>'ns . In g«ner«l ccnw. of « Urg* oMjority of 
gxi*tlnj jirh.^rn^ 1 ^. ^ | n t^Uowi that chim tquipouRCS'-no Mccar 
how Buch «n advancvmvnc Ir ch« tc^cv of thtir art they aay r»pr»«»nc--ar« 
agt ».ltAtl« tor tj..ncii jabli>iA^tJ,|y «g«inat vvrv dcnat canoplaa whan 
prooably but a alnila mlaalon aav b« flown. 

Tht luojcct of ihLtt pare of th* prtianc paper li a brltf anmra* 
don of th« parclnaat ftacuraa ot an tqulpstnt that could ba aaally dtaignad 
and raidily bullc, both In a ahurt tlmt. for auccaaaful applleatton to tha 

praiantly conaldarcd tactical alcuation. In addition to tha bara anuntra- 

j 

tlon of chaaa fticutaa. soma cocaanta r««ard:rit th# f«A«lbillty and rwB- 
pivntt'/ ?f such »qulpaant will aUo ba mad*. Thaia topic* will ba dlacuaatd 
undar the aatuapcion mat Appandls 7.1 haa b«an rwad. That ia, chla appan- 
dlJt 7.3 la cdaornad. primarily, witn only tha KsoDatrlcal, roc tha phyat- 
cil. eondlclona of dataecion. 

Thaaa copies ar« pr«aantad m chraa paragraph!: tha flrai para- 
graph outliikca a acannvr. th« a«cond paragraph outUnaa a racordar, and tlia 
third paragraph couchci un cha aapaec of fa«fll»til ity. 

^■i'i'^ A ^trborntr Scanner lor tha Dttacrlon of >Qlnt» 



A$ li h«k b««n pointtd out in Appmdu 7.2, tha drficSrncy 

tn ch« ptta*nc appUcatiwin of convent ion«l 1 tnt-acannera la that thay atcaopc 
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9nly ur.c«'*iR m «.t(it« B:i»«it*n--ti.> »<f« < t4t(|w(. Cti« scsuners view 

«n wltacntdry c«rsct-4r«a onlv dt 4 iinsiv Hnrfit '^f luvkliig (■ tean-ansla) 
itLthln Che tor^l tcdo-tlrild.* In cor.crAst. a tcanncr dciigned with cha 
g*Mecrical crmditlcns vveing »pvcltic«lly in mind, would lav«eclsac« 
« vMiiiapy (-* i«isft-li«l<l> t'«>r »p«iuns» at < el^ If leant Iraccion of all 
leok-an^Lea within cn« angle- of hiding. Such a icanner could be built for 
inacance. with: 

o A Unv«r arra> oi deteccnn aU^ned in the image field 

perpendicular to the diivcclon M flight and. 
o A acannlng mode that would cause a part uf the targct~f ield, 
■'I'jt lined by Che lacenl cocal field of view and the acan-angle 
(fe* Pig. 7. 3.6) to be swept during che "llne-tiaa" by the 
projection of the detkccor array. 

CsBsequently, the canopy abovv a target would be cob- 
pleccly searched in a scrip of width ■ pcojected width of a doteetor-tltn«nt, 
end l.'ngc^ ■ distance subc«nded bv scan angle. This mode of operation 



* A high-^jtfUcy llne-scannet operated at a low V/H ratio has many over- 
lapping scan- lines resulting by virtue of a reduced bandwidth due to in- 
tegration on the recording film-* in an lnTfta9<*4 effective scnsiLivicy. How- 
ever, no increase In ch« probability of i««in5 car. reiulr, conversely, fran 
a t£peaccd scan of the same strip fUne**) of the canopy If the scanning is 
made at Identical scan-angUs. And, ^xr»pr f.^r intjal itstt. the rs- 

scanningfl should be vxpecccd to happen, essentially, at identical look-angles. 

** Or, perhaps now, certainly in the very near future an image tub* of 
suitable spectral rvsponsi:. 

*** For this case, the "llne-tlne" thoutd be expressed as the time required 
for the airplane to travel the distance which It suotended on the groond by 
the i.f.v. 's component p«r<in«l to chs w.locity vcccoc. 

**** Note that each point in the cencer- lines of these strips is seen from 
a target at different cltvation and asimuch angles. 
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wniiiri \^aA *» r^rtalf.ty cf Si;,!::^' ""-a^r iT.r.j;t U..* •(t/ .is;J in ihe 

first part of this p4p«r. Ewn if thl* vondttion li not always fuUllUd, 
tht total probability ot s^tftng In * slnslv mUtion could bt axpccccd to b« 

nvar unity. 

Thv required nuB^fer ot dctrct<9r-oUis«RCs c;;-.ild bi* h^Id »i 
a i«i««.tical Uv«l by tow tacrlfUe tn (a» !• cvldtnt from ttie «B«lyiti of 
th« physical c«indlttont of dvtrctlon In Appvndlx 7.1). 

o Informatton-gathtilng* capacity of khc icanntr (I.e.. aaerltlct 
In lateral field of view which would lead to Itaacz area aearehed 
per unit tin«)> and/or 
c Some tacrlfic* in ««niltlv!:y (l.e.j sacrifice in lateral raeo* 
lutlon by making the lateral i.f.v. larger than the etate-of- 
rh»-arc Is capable of; then, such a sacrifice would probably 
lead CO a smaller ratio of target-signal to backgrouod'Sigaal, 
Che latter being the United noise.) 

But sacrifice in tentltivlty is readily allowed for tar* 

o 

gets whose radiative chaiactcrlstics are equivalent to chbsc of ~ 1000 K 
black body 6 inches in diameter. Consequently, no natter how nueh an ac- 
tual c^nopv deviated from the definition in this paper, 

A scanner as outline above would aKsurc 
a probability of seeing higher by mt least 
an order o( magnitude than a lin^-scanner s 
capability. It is reasoK-v*'- to t-nu*" : '^^i 
this very high probability could be attained at 
an effective sensitivity practically identical to 
that of the best contemporary line* scanners. 
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'* ■» J A ^■.■n^ . I A i .i n. >:>Mrt .-r u.mpjL i'>k with Scanner* 

Jl th«> Out lln» in >■ 1 . 1 

bcciust of ilh ipi'ctfic st.imiiim-mndi'. th« iafornatlon 
trom the scjimvt tonus 4 •JiiiK-.i»lon4l miiU. ** foUviws: 
o ^toiitid dint 401 u rlown, D. 

C" I'.rddUncc- In 1 f . . . I ( « l-^rtit^m vl vcdti'dnifU) . 

d l*Xrr*\ tltfld 01 viow. X . 

o Sfc^n'd £ • 

Howvwr, tinre the Intomucujn «wut(ht Is Chtf U«l«rmln« 
don of a target * fexltCkncv and its ground coorulnaces 0,\. ch« infemi- 
tion frm ch« scanner otght b« handUd by a basically conventional atrip- 
map r«cordtrr wh^n th« numbvr ot' targets is not coo high. This is so if 
ths dsctccor signal is restricted befvrc recording to levels higher than 
a threshold set as a suitable flnilciple of ths signal level froa the back- 
ground (canopy and/or ground). 

In this ease, the Uttrsl position of « e«rstt vould be 
cnrrwkl; i*^..'iJ*d. HtTWf ver, --Irrespect ive of rhe scan-angle at which the 
detection has been aceoiiipllshed--the ground-distance coordinate 0, of the 
target would always b« recorded at ths position of ths provalting point of 
detection (• point of loaklng or, at a constant offset from •»«•>. T»»«.«s, 

the only added capability required of a conventional device, would be that 
* 

it alau record tnc scan-angUs. 

Bxtatliig recorUeis are us'^allv provided with duta channels 

like that icent toned *bove.*^ An increase in data-channel capacity, probably 
* In dlglr*l form, perh«ipt. 
** At the edges of * 8trip-n«i>. 





nr*a»-U wh»n th» n-jib«i c; t«i«»l« l« hUh -ihc-ili b« « rotttln* ■•tttr; and. 

vtt'w .-i' ciu litre. tail T. inji 4 itiditkVt* •••wliiti«>u vv>ulJ •urfiw* 

M ^ rh,. niiii>n««r .•♦ -:,si...ts » • I hr IMS w.'uU bf rel«Civ«lv low. CtklnK Up 

but * ti«ctit>n »'i tnr 1 1 » width) ih« iniri;«>* uwght to bt readily accMp* 

L ;a':i««i. 

On« i.an viaualii* ca»».s wh^rn two or tven nwr« targecc are 
rvCt-Tdcd AC lh# »*m »pot. N»v*rthiU»«. no ambiguity could aritt whan a 
tfiaclnctUm btcwatn the targccs* locaciuni it of no lntrr«tt *t vtiich c«r|tC» 

Cc'tclAtUr. D«cwrt-n th« location of tha tirgeta and tha 
anviro.iter.: zc-^ld be acccapU«h»d In at Uatt two ways: tlther 

0 ;hc thr«*nold Laval could ba lowarad for a durdClon - dw<U*clB«, 
pr«far*bly at a t la* wh«n tha »can-angLc U saro, or* in a bruct- 
forca-oiachod. 

0 an 4ddit:aiu! convcniional «tilp-Mpp«i could ba uaad In ayn- 
ihroniis with sh* carg»c**q'.>t|mvMt 

In tn« flrtt iolutlon. a tlngU record tMuld coniatn boch 
rh« r«rg#t< and :hr terrain; Che teccmd lolution would reault tn two eeptracc 
Mia that could be luperlapoivd for evaluation, if bocn were made at tha 
•aae tcalcfactor . 

rroe t^c pr«vfoca outline. It dliectly (uilowa that tha 
«bov<->thr«f»<Ald etjnaii could be Auned hcfor« f«edin« then to the record- 
er '§ Input. Kowcvrr. th* lean-angle infonaatiun ihould be d«rtved prior 

to suaaatlon. 



♦ per final evaluation, ih* I» aapi ihould b« correlated with topofaphlc 
nap* In a con^vntional ^thod. 



' i.i 



t\ •.•.>.t L>t Oft get ton - 



w»r. aiy«'ri« .'i : ^ i. 1 1 ■ J-i rara^rar!' i'"' intend to slpnlft- 

;*ntiy cxi%i\i v.'niii^t tr.^r.) still « i*pjr4tc p«i4«raph h«a b«tn 
««sijn«4 to t!ii» 4r«f4 t»'r ih* nmrc vsruu^kis »if the e»p«ctiiion that np 
factor would pr<v*nc U«>iMU:v .-r woulJ •"♦r. r#9uirc any effort worthy to 
rtation of i*v«;,'p=«a: b*r\rc ar. eq^ipnent ot nreaent concept could b« 
built. 

i.-.e f4ciUt4t< ap?lua::3n of a rtlativalv airapl* 
U=jacc-t)l4r.«- szir.T.'^i =:e%riar.i5=, 

J Th« pnsary optica probably oufh: to hav. a field of -vierf as 
VLd« as tht total scan-tiald. However. Lit vitw of tha ex- 
pected low reacluttor. •■•':>n resent . no dif f ic-jl£ic» ir. •design' 
«r.d/cr fs:ricati«:u w» optical *v«tesi mould exist. This- 
i* e«r<cially S5 \iiz*^tc :^tr spectrsl reipsni* would probably 
:e iR « re$i;r (see later on> where refract:*."' «lc=i(.rits would 
be rcadtl. .sed. 
0 It appears r.ifr.iy prosaoie rhjt tne optiDum spectral teifion 
si 4e:4::icr. vc.ld be i:t tr.e uncouled PbS region. Consequently, 
the req-ired i-.'^'-ar arrav of d*iector--even on a curv^a nih- 
itrat-rr.-> sr.e.ld be oi a so-caUed rA-.tine catter of manufacture * 



•Once the uncocied P=S re^icr. lurned o-t i: it indeed the opUi;.u.- region 
of detectier.. tt6 fe=air.ir.< rec urcr-^rt st tne uetector t& a »•■♦♦, n ^r.t ly 
fas: r«sp.c.-.i*-tl-«. Tr.e -?aer li.:i:t of tt.» allgwed ri-sponse time i» the 



h X « 1 f V . j 
V X h 



E«vii .t acic dcsititpiv to chootv lh« li<5b rcgi<*o (or w«cit- 
tton. an in>d J«t«vtor aiiav end ii> vuuling tnould alio be 
wril wiihin 'he capability or «Vi;'od ind careful fibrtcatlon 
praciicca in the rviaicd fttldt 
c The sanMtacturt ot int dtt accor 'artav ahould bt a reladvtly 
iaty taak. bee a-Jtc- -bains t^* vaitanc* of radiation from cha 
kan.'pv t!*v 4i'!iUinf noiat** 't\t lequltamcnt of unlfons aanai* 
Eivi:v •jt'jai: ■ difficult tc obtain in ■ nulti •clantnt-daeactor, 
would be con: rablv' rclai^ad. 
0 The iar^c lisi :Lr.$ ;ioist would altc permit the wse of (xachan- 
ical) isagC'plane'iianning. wtthoat consequent degradation, for 
:hit aathod'a acanning-nouc ("optical" -nolic) la hardly posalbla 
to keep below laveU of leaa tnan twn- or c^ree-tlnaa the 
dattctor'ncise. 

b Aaaualng chat a lateral resolution ct b nrad wogld suffice, 
sose i50 cleaents rsuid as«arc a total of About 50° scan*flald. 
Thus, an equal nu.-9)er pieaapli f i^rs would t« reqalr^d. 

In view of the highly developed state of the ei«cttonle art, 
such a s;4«M«l*fier-^«%kage sh*>tiid be vm:\ roliabltr and prac* 
tical in si<« And weigr.t. (Transistor aoplificrs and visua- 
lised. J 

where V • velocity. H • aUl:udc ot aircraft 6 • total ican-anglc. Thua, 
by caUalatlng the dw«il-tlta« fcr practical values of the ;ara=eters, it 
can be seen t.iat «r. jncooled PbS array would oeralt a reasonably high V/H 
ratio; tnat It. a ;arg« area ccu.'d tt scarcned In unit tioe even with the 
relatively snow feS. 



♦v.'uSf.'' "v ..»»"•;: '"■ '..5?f. Ihv pS'SJlbiiibV of 
;n;» lun i» ^..itr h.^(>«tjl in tlir c'^c th« R>S rfglm. 
i£ 4 ^i.'.rC!.'**- srpfit:.;:.. r«Uti.tfl\ ^oniidnAbly Us* tltAn 
r.a; ^> c>i.:)tl> p.>s^l^i«.. >..ntlJ vuffic*. A ^uic^bte 

i.T icli.-rv in". :» nerdrJ in tt\* ca»* of an AT-raydetvccor. 

c MccnAr.;^.:!.^:! jf rh^ swiichirg of the individual d«t«fCtor> 
ai<nal< 4: she »;;4tput*Uk«l of tht pre«aplif icrs and ac chc 
rcqutr«j rai*. sr.Puld .•nU kali for "shvU-ccnponents** in 
:aie ;f :k.c^.ar.ical swtt«.hiA«. ai.d, fi.>r Mitl d*v«lop»d cir- 
c.;:fs ir. case si «l«ctroriic iwitchiig Finally. 

c The required d4ca-proc-.siir.i shsuld b* an alooat trivial 
sa::*r fcr :ni* arc cf gr*Ac capabilltv. 

Fro= tn* print et viv^ ct u** in iavLic«l appiicadont 
chfl ^/cr-all scrir sf 4n «i{-..ip=ent ?f chc pri.>CRt iii«r«tt->aight be 
ccrwd :ht ptobablr succ«ii-*c?jld be q-ianc ttati '«ly crpr*ti«d aa th» 
pr£d-.£; :h« :^.r«« parciil lig-^rkt of \- . of 
O Pz.'tabilitv of i««lr.^ 

iZi Scr.titivic • BTitio (ti targtt ligr.al to limicing nolat. 

ar.d. 



* 8ulkinei« chat arii«« btca^^c of cht utt ot Itnally a bruca tor&a 
aath.od. For. a d*ccctwr array la tt«-:nti4Hv in asAikablv of individually 
pied.«ckd tl»«nc« Ttf'i-.ri'^B <tp«''«ifr aaplifi«.ri. 

** Or. thft bi'.:.. &f a first cactsat? ii «pptir9 that tna preaent ttMiai- 
tlvity of laa^c-ivbct xa jufci bkto.( ih* miniiMja i*n»l(lvity that aeuM 
ntccttary for r.h* cor.tcniplacipd applicat^o*). Monitth*lc»«. a r*-cxaaina* 
tlon of this -'*rv prtliamarr atk*»i3teni li warranted. 




.t ir.t.M-r^t lov it "fi i n^;-.- tptit. i: -.- « «iea searched 
IP. ..n: t 1 1 

Ir^r^ i» viTv ill tie jouci inai « tpcci.*! equipment de> 

• isr.«d fcr L«%(ikal :;r< iit*^ti^n vcuid xar «KCced p^rfjrssrxc of any 

A tpr.:;«l /.anncr tor int airborne d«tecLlon of point 
taikeis j.r.ii: h<;*.v ;«r.ocie» c.'^jld b« d<signtd and bulit trom txiatlng 

• Ic3«nrs ct c or.vtnticr.*; IR •trip-:=*pp*r« . Conildering th* relatively 
cxtcRsivt cxp«r;er.ce ;n tr.i» *pcciaUt«d ti*ld. the ocrglng of the ele- 
ments s^.^■-I4 be *c.:c=Dli».-.ed m an al=osi rcucine manner. A ilsllar. If 
ever, r.c: eaaiet. «i.t-*:i.r. •.-..•-Id eaisc ir. .;;aicing standard acrlp-recordtra 
cc-:paci.ble wir^ the scanner. 

Building a.id laboraccr>- testing of such an equipment should 
require sc =cre than t> to 9 sonths. The eqaipocnt should have about the 
saac ilxe and wevjht as these of st=lUr extsting IR devices and should 
tie reacily i-stalled ar.4 operatsd tn any airplane luitabU for IR mappem. 
Lcgiit;:! v£.;d s« • pcssicB than thac for axiacini mapptra that 

operate la enc s*i3 =i.crcn atmospheric window. AbouC the int effort Id 
^;.:e:iar.ce vc.li rt r.*ed*d as for siandard IR /electronic dcvicea ef 
cosparasla cosplaxity. 

In view zt tr.e fact that t'le recosBtndad acanntr would 
search the tar8«c-:;«:d aisc l» raglont aose 25*^-30° in front of tha air- 
plane, It appears %ji:* realistic to up«:t that tha equipOMnt :obld 
fatlliiacao-undtr iartair. eonditlona. at least-- a "hunt and kill** opor- 




'fhr tprctticjiions p( inv wtioU r^i Iparni cuuid b« d«- 
lived t: lU-^t vMu <>f «tt>>it. U thla vffort 1* trapcndtd 

with th« rc«uU« Qt «pplic'bt* P^*' «ftpirriBwntt on h«nd, the tptciflea- 
tlon ffhould rtfUcc *tMd*ti B«nur«ccuring procvdurvt «nd a great proba- 
btlity o1 <u(c«»«{wl t)prt«ti.'«n. 

An aiuUfii iiii bwu ud« of ch« gvo^trtc*! condition* of datae- 
tlen. Bcasured by tnt prooablitcy of •»«tng-« pulnt targtt undar canopy. 
The r«suUt of ch« aulyaia hav* b«an avaluated for cht 

0 Planning of ttl«vant aap«rlaKnts aa wwU aa for cha 

9 eacabUanaant of tha concept of a apecial equlpoMKit very 

promiaing for tactical uaa. Purthemore, 
o Tha feaaibillty of tha conceptual equlpaant atrongly racos* 
■andad for conaidaration without delay, haa bean Invaeclgacad 
and, 

o RaUtad qu«fttiona aach aa product lor -time, loglatica, atc.» 
have been touched upon. 

a) The rcfulti of the anal vi is Irtdlcate that an axparlaant 

tc datarslna th* effect sf a canopy and tht p'^f^iKiUty of detection, 
ahould be daal|r.&d cn tne >t«sii of canopy density: the higher tha den- 
•Ity, the larger a nuaber of targcta ahould be aft«d In order to aaaura 
Maaurenentt of ata: lit leal value which 1« deaanoed by the vcr> nature 
of the probUa. It nat b«fn a^en that It it poailble to,aprlaT<,optialit 
tha quantity of inforaacton collected pvr of an experiment. 
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tor *T. ofenir.^ iv. tuc »:4r..-i?N m 4 iin^le an^i*. is »o uncerr*tn rhac Vfrv 

:«v:ic4: vjiuc v4n ^# dst^gneJ i*> xt. InfonaaHon 01 iuch qu«i- 
:ion4^I« value .-«n ?e ^xptit«:d w«n 'he Icng run front th* of •RitCiiig 

Mv'Zivatc^ :r.c jbove finding, cue ««*cntl«l features 
ei * $p9<ii,i ^n^ipntfz. wnvcn ^'ronis*! of Rieat tactUai walu«. have 
been ^.iilincd. tWiC characctristicaliy. the rezcBzntndtd <tqulpneut. would 
• carch f^r ^penir.jt over « ttgnificant range of anglen. In c.r.traat ro 
:hc randcr si,r.g> ar.^lt i: vtvich exisdng devicca hope co find an opening. 
The recoscenicd =cdc cf search would Chen aaaure cacdcally useful high 
pro^lVlllty oJ t««ing. H.^st slgnlficancly, Che recoaoendcd equipment would 
have ar. a: lease by an order of sagntcudt higher "probable wucceaa" ChAfi 
ean reallttically sc axpactad frcs axlactng dtvlcasi furthemore, an 
av«L;.aLijn :r.« f«ji«lbLlU> cf a MUST AND Kill 0"!:?.»7T«y .'JP5P 5Y T«E 
RECOMNDCD SQl'TREST APPEAKS 'iAUtAITIED. 

It appaara highly prcDabi* chac an tquipoMnc as oucUnad 
be *B«}Iy datlgnad and readily fabricated, both In a abort tlM, 
t:r Hi aLasar-ts of tnii aquipsanc nava long bean uaed by XR lina-acanning 
iavLses. Horecver. ancillary probla&a of installation, oparatlon^ logliclca, 

:« r.o ^Te than n?r;:.al and tha equlpnant •night ba made aimpLC 
er.c-.gh f:r regular -^sa d/ indtgarid.ts f ureas. 
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^f) AiOii oil ('hmumI Vl»-\*t.l by Drii-clor Array 
D«irh>B « nwcll-Tliii«». 

(7) .':c.iit«\<igU'i riiff Ar'-i Vli-wtJ l>y n«'i4-cijr« Swccpa 
lliroiiHti till* Anglu Diirlitg n Sritii-Tlne. 



(i) l.liiK ul SIkIiI IriM Si-iiiMivr l«i r.ti;/ei , 
at llt« litnlniit lliiit T«irif«:l . "I tat 

ciMild l»« Dttfcleil. 

(K) t.iiic ol olK'»t nt III* J*»«t I-itiMt Targat 




CAAfOPY 






t 



(7) AmkIc of IfldliK: TIm 

Pitrltod ol C:ni-j|iy lut- 4 
l«'iif|«-«| liy tlile AiiKie, 
la :>4-i.'clivl l«r Opening!. 
Tifn ^•tK^-' KquiU ttH- 
Aiiifle Itt llttv (2). 
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Figure 7.4. A ::c-Ji.Kl Sc.innliR, for Opening. A Slgnlllcant Portion of Canopy, 
' to Find Unobstructed Lines oC Sight to Point Tacjet. 
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tet idt4 for decoction of guorxlU oporaciont is boood on 

I 

ch« Bodoc thic «orUl IK-fturv«llUnco of flooded Unds attht provido, if 
cht cracii of aon or t'c-ip* of atn could bt obtorvtd, pAtttmt of •ccivlty 
frc* whlGA •CKtenabta deduction* could bt drawn. If tho obtorvablt offocta 
vtrt isMdiac* and long Latcingj trails might be pinpointed. If of ehort 
duration only, inoicaciona o! direction of flighty and poaalbly of the 
I cecMttan of flight, ftlght be obtained. It vai felt chat IK iurvelllance 

j gear is. txi>tene<t 3ig!;t coae clotc to providing ebaervat lona 1 capability, 

although ;irohably net t.jitabU for VS field operation. It hae been aungeeted, 
I -7.75. 




*nd vreli«in*ry c<Kul«tion* indu*te. ihst di«turb«ni.« («.!., by patsags o£ 
pets.'r.r.fM o: ?:jgn*r.c s tow-oov t nji bodies i>t n nmy r«9u]C in obitrvabl* 
eh*n<e» vn th» »'irUv* l*y«r». T^i* chan^t* ia*y be In tht aurfact tanptracura, 
Uua to atxlnf ,cr in cai«a<.vlty, or both. Lofced, olcroacopic orfanic MCarial, 
fUac Olli, cr iina *:>il* may b« incroUuced into »urr«c» lay«ra an« b« a 
taccor. In* »icuatlon >cara aoa* rasabUnct to Che valtc* gan«ratad by ahlpa 
under appropriate conditiona. fhe extent, pcraistcnce, and obiervabl llty of 
aach tjvS^i* cnanfa* are tenrrally unknown although oany Icnc^ptraiacant ahlp 
wakas have been napped. Thert art a few baslb aea»uraa«nti In axlacanca. 
Evlng and Ulster tile:. ?.5) have seasurcd tha long wave IR radiation 
froa cha cop 0. I ao of evaporaiint ocaan ar.d deoonacratcd tht txlattncc of a 
coal Aurfact Uytr vich dtparturtt at auch aa O.b^C from aurfaca ca«paraturt 
found by ceover.ciooal mtchoda. Caanady. tc al (Kef. 7.6) aaaturtd tha 
toiparatura of acablt dif luaion-tlicka (cyplca lly 1-2 atcera widt). Thtra 
vara tcsparacurc diffarancaa of Z,i^C-Z,<fiC ftoa una aid* jf « iUck lo iht 
othtr. On ont occasion, wich strong solrr iiM^iiMi. ztr.zzz ctaparaevro 
of the allek yea l.C^ hi^har than that on tht wantr ildt. Tht alick* wtrt 
soit prenounctc and atablt ac wind spttdn around ^ Ijnn, In gonoral (Rtf, 7 7) 
DO baaic staaurtBtncs uadtr control ltd eonditlena hav* bttn aadt. With tht 
bailc data slsilf* tht poctntial ftatibllity of ebttrvatlont in fltld Optra- 
tier.* cannot be tatabllshti. Many fltuatlona can bt poitutattd which mlaht 
ariit whtrt tht capaoiitty to dtttct luch changta would bt advantagtoua In 
eoiiactr-inauritncy operations. Tht Contractor thartfort propottd that two 
tyfta of txptristr.ca bt aadt on dtttctablllty of auch dii-t urbane at. Thote 
vtrt dtacribad at "e-^Uk-fix " and "baiii data " axptrlatntt in tariiar rtporta. 



7.5 Ewing, C. and McAlliater. E.O./'n^ the Th^mal Boundary ttytr of the 
Oetan, Sc Itnce . 131 . 1374 

7.6 Caanady, G.T. atal, "SUcka on Lake Hur'^n '. datura 196 . 1305 
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ih# the "q;M. ki. tlx" cxper «mi*nt wms that carc«ln air- 

S?rr.e «v,r.*ci 1 L-r.^. -.•^..ipit::*. ^a* ^vuiiablr wrucn r.-uld be used, ac v«ry low 
c»»c. to ott4in picture* A ?i=!ply JiJturbtfJ »ta§tnant body ot water. It 
wa« :>!♦- rh*t . .«lth.*jih * jv h 4n expertra^nr could net be corcluslvc thare w«a 
for-* fsjll chjr.cr tJ'.i: ..jtIv f«bvtfic» w-c>jla bK inuniMtivc <ind Bl|ht con- 
ceivably point tr.c vay to u*eful application of exlitlng drvicca. One auch 
"qulck-tix" »xp«ri5«:;t -\i< Jone un«irf un**ti»tawtory co">ditioni. The "baalc 
lata" expariser.t is «$*«nti4l tupplcsent to d€tero»ina the quanclcatlve 
characterittici of th* phtfr.racna and the detltn par^sctert jnd operatlnf 
cechBtquc required Ir. survcllUnce instments to detect thtn. 

l'nfortar^:«ly, s::=c people have concluded, we believe pre- 
Mturely, that luch defection vlll not be operationally useful. For euapU^ 
Che opiQioD haa been advanced chat the nonal node of tranelc of rice paddy 
Ucd ii by valkinf sr. the oikea, and alto chAC «ince farhere dUturb ch« 
paddy vscerf in their noraal work, the technique would b« uatUae. 

The Ccntr'stor feeta eh«c thli conclution it Incorrect on 
a: least three count*: (1) a variety of Dormal ot contrived •ituatloaa can 
be laagised -.-hen dececeien of such disturbances would b« uiaful; (2) tha 
dettctabiUsy aai pttiistsrce of changes «ri»ln| froa dliturbancas la si^ly 
Boc known; and O) such pictures of actions as are available <an axlatenca 
proof) (Sef. 6.24 and Ref. happen to show guerill.s fleMng across 

flooded Lands.* Of. the first count one can vi:iuaUce the possibility that 

o night-tlae dika-walklnc i* contrived to ba unaafa— 
forcing gueclUas to walk through paddles; 

0 there are extensive swaapLsnds which mac be travaraed by 
guerl1U«i 



* -aiiUary Id, I'shi -7. 7 7»_ 




0 |(u«rtl!«« travel ir citul v.itPi« anJ rKn;'B4Vlng tcresM, 
becAu**- irj.*4Pl i<» •■tnrr. or in prder to avoid sctnt 
tMckir^. or tor oc!:«r rf«»ont: 
In Che Khorat ,, whvrv (here drc i&tny •h.ilti'w pools, 
|u«rilU« uy tike the shortest route, seek Iw sedid 
date «UuJ# iRef. e.lA); 

o r>erilU» «re for^eJ co <lee tttoh* tioodeo unds toward 
their preat«ivned re^detvout points, etc, 

Oo Che second «oiinc>-it is viaply not known how lonf disturbances persist » 
or vfat ts required to ofe»«<*Tve then. 

0 Ic aay bi tn«e tiroert netting crabs and working in the 
p4iii99 during Che day produce surface disturbances which 
psiiift chcw..^^t,>ui th* .•iii.k-iLss nours and would tend 

c%-cr**hclffi any subsequen: disturbances. On the other 
hstij Che obiSTv^^U *ff#rr« a«y Utt only a short tljse 
• 10 min>ir**> to 2 hours) and hence the '^caory" of Che 
water it short. 

Cr ExilCir^ irfrared furveillantt gear aay produce all the 
data desire;:^ or ic tuy not. The Uktlinood is high 
chat such better data*proceiiing, at I^^st, could be 
eaployed. 

Ifsess, and aany other questions cannot really be resolved without quancltnctvo, 
esperiatrtal data. 

In survelllanie work one of the great difficulties tncountored 
is lack of pattern. n.is technique, if successful, sight be particularly 
useful in relf&^^Pthis difficjky. 
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tJ.il •dttvon*! unu»u«i »arv»iii*m» artKCHi »<.ui.ij or ••t«eu»n«» by iift 
(jllwtn« th* n.^rul *ki»Mil»iifc prinrJaie* of «n*lyft» and cxperlMnC, «nd 
only thto CiiupUnt re«vU» into ^•f*iion*l tf»Mrch. 
7.;». 1,2 Sice y^Jdv [—wtAturt CilcuUtlont 

WiiN, *i=,iiiiil,. lis^iSAi^Ti a-y not fc< th« .••..«if»#nt f*««T 
la conttet!ln( ch« ob»tfrv«MUt> ol »uitACtf v«rwti0n« on dl«(urbod ctAtMnK 
pooU. il.«. . otfAfiic p«rticlt fufp«r.«ti>na *nd oiU.. and ftnt Inarsanlc 
Mtter my bt a* t«port«nt^ «n artcBpc w«» nad* early in.th* atudy to 
cttuMtt CMptratur* vari«tion» a* a rrudo mMiurt of tquipn^nr raquSrCMnta. 
Thoat calcuUciona. aUhoufh the conditlona aaiuaod thare (or, the oBiaolon 
0i poaaibly iaportanc •iiM%.t*i aifhc «aiie ;he caao virtual, are given below: 

a. rhe Stgajy Stat? ^iv* f»udy 

CaUuUtlona can readily be aade for the "atlll-«ater" eaee - 
I.e. with the aaa\.aption oi n*|Uflble wave action or coRveccion. 

n»e one-dteenaional cl«e dependent dlffualon equacioni are 



rl- if - ° 



r . K^- 0 



(1) 



where 0 la ccnperatuce 

F la heat flw 
K la Bedi\n'a themal 
conductivity, and 

p • density 

c • apeelfU heac 

tt • K/PC 




Solation* to ^«V1• t «• fono 



where 



If chf *y»tet li driver, by - Liffle-varylng h«At flow ••■•ntitlly 
Indtptndcnt of tApcr*Cu;c,. (2) c«» b< Fourier cransfon-iad to 



0(4.X) • 



<3) 



If cht diurul hut flow it attintd sinutotdal (l.t., « ■ 7.3 x 
IC*^) of aftxlma anplitud* Fo *t X ■ li 



^° up (X /j 7.3 X 10"^. 'm) (4) 



= (1*1) /KxOc/2 

V7.4-'* d 1» the uziata tta^rature ncurcion during J.e diuRul varUtlon. 
s 

For mctr (c«t ur.iti) : - I, c • I *nd K 10*^ . Ihui 

.(I ♦ 1) (.19)X 



0 • 



Fo 



(4«) 



*Thc coordiucc hy^ita u*ed h«i ir.c w*C4er &as£«ce ac X • 0 and nt(«tiv« 
vil'jci of X below the wftcer turf«vc - Hence Equation (3) end folLowlng, hold 

oaly far X < 0. 
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r.":* tp«ccrAl i4nciior.» of Emj*tTc»n u') ipply, in which c««« r(ai,o) 
c*e b« ixtiitTTti tj re?r^^^^^.; .1 ^r.i; ii<p 01 «aplicuilc Fo, occurring at Chc 
ciM the u«d«rf •ttrr*d up th» vjt^t. v,^rn 



aai £h« s^cTACure ip^cxrAl *a:jtcijn Scenes 



Fo 



X .TTT" 



TRe Hi) * 
7t9 corrttpoadlr^ cia« function at X > 0 ii 



(6) 



(7) 



e(c,o) ■ __ t 



(8) 



ei, uslat th« eoucAaci used ylch £qu«cioD 



0<c.O) ■ .3 c^'^ dtgrtti etncigndt 

Tb-d if:er as.c hcur a cnptriCui* recovery 20^C can bt txptcc«d 

rha foariar tranafora of (7.) for X 4 0 ylclda 



(9) 



tot Intortaclog valuta of X and t tht probability Integral tatte la 
Mapod 07 cha axponsntial, and, approxioacaly, 

1/2 , -2. 
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itie v«iur o: if ch« order i7t .01 cat 'en* during cht day, and 
arout cn* laac on a cj«ar niiint it <* a CJUvn to D» I. Ihla ylalda 

J . 3;.- ,^•1*'^ (5) 
Hmct ch« furfact tcapvrature. •* « function st' the nlxmi dapth, 6> !■ 

•» -rih ■ •■•"■'^ 

Surface ceaperaturc mxlsixb iiumal excursion* for aoa* rtatontble 

Blsir^ i4^i\* arc: 

Mislr^ depch vca) 0 3 10 SO 100 

MKlma teoptrature ExcurslcR {^C) 37 24 16 3.9 2 

Tbua 00c would expect a diunul variadon of 2*^ In a 1 oietar deep paddy even 
If csepletc aixini occurred. 

The prate of the theraal pejtka at :he surface Is seen to lag tha 
pMk* 91 ilux by che rea»or.^sle value of li** d«y. Inus naxlnum and alnlmin 
vater ccBpcrature it the surface ockur* at 8 P.M. and A.M. respectively. 
The effects of local alxlnf near the surface art probably so strong as Co 
■ake lag calcuLatims as a function of depth by aaans of Equation (if.) 
Manirg less. 

b. I>.e Trar.slent Rice Paddy 

FrflB cht foragoing it can be setn that th* aurfac* wattr layer 
(10 ea or so shisc) of a rice paddy can noraally be txpaettd to dlffar In 
tMperacur* by parhapa IC^C fron the lower layers. If tbia cooaitlon !• 
cha&ged as a result of aeii wadtng chrsLth the peddy, what 1« the tiae hlscoiy 
aai taaperatur* change tnereafter': 
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n-.e ArtAfnt ot (h» e«ponrnttil tiM a dfpeh ^ f I ca rMcl)«« unity 
«L A ii3«- o( ?5.^ *«voiiJ». AnJ tor 4 vS it jbi'>il <>oc hour. Thl» wuulJ InJicat* 
t}v»t »urfak;e cJ,*vb to »jatfvh.ir.i bel.^* •'• co occurrrrt, rbr t>nr hour 

furtic« :<c?*rJtuTf recovery «?f ^0"^ (,i * lcul.it in (9) on lh» ji««t^tt?^ 
no aifttr^^ aight b« «xp«<:t«J to b« lr*» by ptfrtup* 

In «imAry. b4i«i on vlcsent^rv- diffuiivity chtorv aodified Co 
prjviie :.^r *urfjc« =x!u.rj. it CAr. expected that rice paddy »urf»cc 
CAperA:;;r*i or. z cle^T r.ifnt wjul«l Av«r*g* >oa« lO^C cooler Chan tht boCCoa. 
Furchcr, it fixing ocQ\tr§. U can b« expected that the oiacurbtd rtglon In- 
itially atlases the bottda tcaptracurc, coelf about 5^C the firat hour *«uvi 
chercafccr abo.t *t ^. 

I^ieri! sixir.^ »^o-l- r..^: : lir.if-^dr.t teyor.d a few cb, In ch« 
abitncc of currenct. hence apaclal extent of the dlaturbcd thermal region 
•houU bt CficpanoU co the roglon of physical dUcurbances caused by wading 
atn. 

7.4,1,3 Sxoerlafxe ar.i Apolic^ale Eauipaent 

In the fir»c months of tht itudy a aurvcy was oAde of txlctins 
eooBerelal ar.d =<lit«ry i«4lna*t»r»; acannlnc mdiomerera. and thcxwl map- 
pen, to locatt eq-^ipstr.: vhUh ml|hr be iitful for "^uicV-fl^,*' baaie^ or 
terrain Mpplnt txperiaencs. Since ouch of this material it ttill ptrtintnc 
and Clatly^ it is repeat td htct. 

A. iSTtAfcJO >^PPEK5 AK5 PRO&llAMS 
1. ?Uvy 

The Savy has a prograa to ts«Binc ship mrcs by ihtmal mapptr. Support- 
inc work is btlng done by :<1IL in Chesapeake Bay (Contact : John Sandtrton, 
Suptrlnttnder.t , Optic t LiMsion. i»hLi, at the iiaval Air Devtlopmtnt Ctnctr, 




.i?^npville. P4. Utfne«ct»r Mfi«. P«ul Hoirr dnd Lee, •clrMl«t» in chargt, 
or i«pCAin Kraii«. ia^hind«nt)i <nil an the Srrlppi Insrittitton (Contset : 
Tt. M>«;A:U*c«r. iniet'. ApplieJ u *«notr«phy Uroup, Stn Dicgo). A vlilc 
<■«» Mdfl tc the Ucrer on 2' Jane (ktMitnbek |io to the Unlverairy of 
CiililornU. M«Tine Phyft(» UbtM4t.>iv. S^n Pieio it, CallfomU). 
• ' Scripp« 

r^r. ^Ut-AUifter khoo^d t nuRSr: ot rheiwl up plctur«», I4k«n ewtr 
Che f:tjr.. There chgwcd turfAie Khipi. vhtp vikei, and «i ntabtr of ocoanle 
fc4turti such *• teaperac-.rc (r4>nt« Jt eftxirlcs ^nd the effect! of tur> 
bultnce ovor oounte. In addition.. *tmr m«p» of Inlind Key Uoet vtro avail- 
Able^ khowicf a aoall inland body of water. The oc*iin plrturae vere aada 
with a renttd HaUtr, Rayvond 4 Brown Inatrumanc (AN/UAS*4) mounted In a 
D-i8 (chl* IfkscrvBtnt bcini a predetci*or tc the AN/UA$-5 by Taxaa Inttru- 
' Bcnti which Mde cht Key We&: pict«i*ky. 

The iVip vikKft p^.^lc5r2^i'•t<i visible fot ducaocea aa iraac aa 
<»*0'Jt 3V »blpr ler^tht* T>.fert were * conitderable nupber of electronic 
artifact* in the pictjtei but soit ware caally identifiable. Fot axanplc, 
a ship stack would be very white foPowtd by a lont dark overihoot tlong 
the .can, and a •hoit white ovarihoct fcUowed the cool ahlp outline. Since 
the rvtep wai 180^. dlitortlon at tne edge of the aap wai very bad. No 
ocean taaptrac-jres were available to check thete oapi but froa other ex* 
perlenc* Dr« *1acAlli«tat Judged th»: the wake wat teen prlaarily bacauaa of 
a change tr. «ai»*tvt:y caattd by nivinf of lower level (dead) organic oaccar 
with aurface wa.«.'>. 

If. on* of thj teitt the aliciaft hao been lent over a known Bount 
fairly near th* kurfa.*. Inik mount wat ldt#nci f t^ble aa a aap variation. 
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'.Sf Ke% Kent putiii** \,ttr vli^pLivi-d 11 << r»«a* l-uiluntiU irport 
■<lt*t. o: A t#«t pr.''»»i h» k\% Prv*lprw»nt S^vwdror. I, U.S. Sdval Air 

Stitior. Hfv '•>•! , M«. k ton* 

li e frl Ai :iOO hi>uTi 'w^athi-i ^Imt 

25Cv {; A U It v<>'« 

Sp«r^ 1^0 knot* 

tt«U Ot Vlr> 

Ar4wUi toaUtton 2 ail Ur«dl<«n> 
pli:jr«» .*;i«w«ly ii«t«lUd *nd mprtk^iv* -nd whlU thtri 
wtti fl* i«tr.t»{l4Plt tvtn?» iisiUr '.0 «ho»» of lBt#i#*t to u", wnt ftlt 
tacou»|td 4* CO po**iblUti«». 

5r, JtotAlUntf rad rtntto «n .ircraft *nd Mpptr ftoa HRB (fto III 
tti9/ iot fcourct d«t«^ Put mc orotr«d *ftAS'jfc*.> tro« Itjuit Initrxoonti 
If. prtttrtr.:t t. X?l (^.ipeer.t. Hi* piiasiry f««fcon th/.t BRB did not 
previia • Uit-silt ataory oovitt .>r n«*rly r#»l 'l«t vi«w«r »uch «• ii 
4v«tUbU ^isr. tf.< I.l. dovKt. Ht faU that Any opvratiofiAl Navy |Mt 
voutd h«v« « ctquirdBMi for rt«l tiat vttwini &r.d could noc «f<erd th« 

13.20 locoRd d«Uy wntm ift 4bout '.nt b»»r th4i t-f. st 4Chitv«d with an 

« 

Ar.it: fapid Froctifot i.r.uft s-y at j»»d vitft H^.S d«»ite . 

Sr. )tefcAllt»r«r W4ft intor«4ttd in A0112 pfoblm«. Ht voluntttrtd 
Ch«c ht %i$r.t bt witliri to tr.ttr into • rt44on4Dl« vnptriMAt with U tf 



*Zt It ;;.*.»r*»tin8 to flut* ir.«i tnt foil Monoouth proltct ptoplt htvt 
t4t«r.tUUy •t«f.«;on»c tr.t rt»l ttst v*r;trfc 4* 4 lourct of «oMinu*l trowbU 

in u»4 si tt9 US-5. ^ 
7.fe Kctr.cr, P., PrtUsln4rv Djta f.>r ll> Detection Tt4t . Otcncbtr 16,19Ai 
Ttxtl Inisrjstnsf 'V.'OO Le-aeer; Avenic, !^«ll4t, lex4t) 




liurin* a •u0»«qufnt v4»it r.* s«-rl|t|i» i^r uthei purpotca^ the oppor- 
tunity ^r«>*tf tu »Mi tu(n»t vtrikmit bmp* ud* ot atlll •M>*urfab*a 
with the r«c«ncly dvltwrtfii to 5i. ruwAllitc/r. Thtt* ahiw a wldt* 

•prMd and difcimc v«ll-ltkc *cruvCur» Ci> th* water »urf«et bvarlnc • cruda 
ViiAcmwUuv* io pi4(uT«» 01 evnaro pAtttcn*. 

b. X«tv*t Ate rjv«lwOia»»t C«ntyt . Johnsvilla,. Pa,, A5*U Uboncory, 

SpvwUl .Method* £«ivi«ion, Applied Phyilcii Section (ASUL Cod* 4il), 
Mr, J. J. Pello. July 18. 19ft2 . 

likCD tc^rced let cxecnttvc wcrk on the tlivrmal Mppliig of ectan 
•urtacea vlcn an alrtirnu S>*4m«* raoioneter. inia inatruatnt rtaultod In 
daca en the cmper^cure ot a kingle "line" below the alrcrafc. Ueor on, 
Che following icanning equipaenia were uted: 



Wich the AN'AAD«2, NAOC ukod « copper-doped Crcraanlta dattecor and 
obtained very goo^ rlctjrei with an eitiaatcd taaperature eenilrlvlty of 
l/^^. The plcturei have been A*de with dc rektoracton and lu Che "ce«peT- 
»titr*" >yf fer-4par; trtas hjs been napped in correcc reUcion. IhaC le, Che 
averaie level of theie area*, ai vtll at che ceapereture-variacion in cho 
•raat hat been properly recorded. In aapt oade of che ocean proper, Che 
turface caaperacure of deep water appeara cooler chan the aurCaco of •hallow 
water. Since !KDC*a at* it an entreaely higU ceaperaturo eenaltivlty, ehty 
■odlfiad t.ne AN'AAQ-2 co a 1^ tquare inttantaneoui fifld of viow and achieved 



AN/AAS-^ (X-A-2) 
AN/AAR*9 (X.A>2) 
Raconofax Caacra 



lit ASU goob Oirtccor light Ur.lC 



A.N/AAD-2 



AN/AaO.2 Modlfi«J by MC 
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i :f=?rr.t;yiv .-tfi-.Mtiv.iv iu,:h .i.Ol-D.OOrV. li i» lncr'«»tln^ to note 
th^: th# b.*w-.ijrv bct*tf«ii • 4nJ vmtm ♦uiUi* i*) rcmrlubly tturp on a 

picc-t* ;a4J« tto.s tie UJir i«rviv«>tt »tii>wli*.ii iht rf»trvolr'ff dla- 

c^^r(r into tn« .-v^-irn. -^.o* wnu iiti» buUiii»i1 equipntni ihow 

txcrwly tin* rdaper^;^.* Jtft<iil> •. J»« i>v»«n »uitat«; wIMtout «ny tr««» 
<»t' cq*JtpD«ni r.ut««. in m*t c«»*». »i#ni(naft: ly . thtrt If no notlCMbIc 
vArwcic^ in d«;«^t*J t«ap«r«tui* ^im *dipt« ki^n. 

)MX «tl«cced 4 n«»«r oi cypic^l mp* I'or publication undsr tho 
citU. "AcU« of I.tfrjic.: ftAck^roand pAtternf," by P. M. Moitt and J. J. 
r*ilo. :hi* Cpntid«nti«l f*poi: v4» to bt publivhtd In About two ot ihrto 
soBth». Vniortur^Kly. no •p^xc prepared dr«fc is on hand for ••rll*»r 
rcftrtr.ct. 

SiAc« lACt i* coatetrtii '-it:; tut fac^*.. *nd Mpfl of inland 

wattri, iaiU-area variaclon* of ;fte»e *urfact» havt not botn NU>C*i cencorn. 
Mr. ?ello «u(gafttcd tnat p«rnap» tha Any CUetronlc Proving Grounds at Fort 
Huacr.uca would r:«vt fptdfu lnform*tloR ttgaidint iuch tarpers. At far as 
actwe .*^C pAriicipAiijn in • spat. i> 1 invattigacion of thasa cargats is 
wonttrnM. *r.y r«<ja«»t inowld Bt dirtietd to thr Coananding Officar, MM)C, 
A^-- ..4 fc.Ka*. of Naval Weapon*. Cod* RUDC-A). It la 

w-.^vicsiion^bl* tr.at SAOC » ttomd «j(p«cianc« in obkarving radiation fron 
waiar turf*c*i and in tnc «uDorna oacactlon of wakas raprasanrs an in* 
valuablt rtsarvoir of ip«iifi(. kno.lcitf. 

4, Fore ?long.obth . On 2S Jaf.« vi»it was oad* to fort Mooflouth, U.S. Amy 
SigTii! .^«i««riti *n<i D*<r*lop9cnt L^bjracory. Peconnalaaanca Branch, 
SurvtilUnt* y«p«ito«nt; A 1 ••Born* Equipa*nt S«i(lon; to talk with the 
projcci en«in««r '^fatten P«rOa»> on tna AH/UA5-S and uith the Branch 
CMaf. Untkl •'kU... 
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rh»» LA.<-5 t • o . .■>: !v. ; :,v tosi* l>«i-K 4t the laboratory 

ur..Jv r rcpiir. rV.f ri.Tur;'.-: ;akin w«'ro nr»T iva j i ■ i> , boin^ frocetted by • 
Mr. V.'rr..-r Zau -jr.;* a: Evans r>-::;*:il -A^oratc>ry. It v«6 *«iJ iliai thr (.•■ta 
wtre not i:.'«ni:luiive inor lntc«mat\ve> and that, as predicted, ch« DAS*} was 
'.■'v- ' '>•."- :hiv:* ."1 Li;-.:i'. TV.;; r.srpi-v ic two ycarj eld and has 

lo^ci.: .Ivux ^TOO' hr« It IS sj'.J t jn iiurtMsini;! y frequent series of 
^l;c:7. -zicr.jni.'s. stic i:l^c>.ron:.: failiir^n which arc difficult lu repair be- 
cause the l'AS>5 vjs built ioz use in the drone and is integrally wired 
(I.e.. thi:re arr nc* 7lu^-i;i l.^arJ* or c>'A.iz a.js to ra(/iii maintenance). 

C*r,e ci :he iitxicultivs cn>:ov)ntered in Panama was that paint flaked 
off in tY-.* nifh-hiBldity conditions and got In the filn drun. (TIiv UAS-S 
probeblv i**t»u*t need paint as it is aluminun.) 

The Am/ has two l'Ai>3s. the one ac Msnsouth nuw, and one which Was 
delivered to Fairchild at Yuu and is not used for observations. App«rcncly 
the Yima iostnsaene could not be used in Panama bacause of • contractual 
conitaent to Fairchild. VSASEPHL apparently could not gac nonay for any 
new UAS*5s. It was s:s:;d that new models of the de/ice would be built for 
easier saintainability. (Estiaated $100,000 for device.) 

Sose pictures were available KKst. 7.9) which covered a large variety 
of cor.ditioaa. The detail was extrsordinarily good iu all k^aaa, Mapa of 
airfields ihcwed distinctive differences bc£ucer. csld and h^t aircraft and 
^Imi .ii-c.«f; \,^d been Rwikn-J h-.i th- ?*itllne waa still pre* 

tirvad Si a tcspcrature dlffcrtnce. Maps >ver forfits ahowcd large differancaa 
in the apparent tanpcrature of foliage. 

There were two particularly Interesting pictures. One was of z 
boeittg 707 varaing up and showed the Jet exhaust back to about five plane 
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t 

lerx:?.* ...irM l^* "c: ^ukiii.>...'.a -t ih*' ti.MMt.'und paJ. Ih* other ihcwed 
J resorwi: v/.d -*f.ciit,rJ p.-=pi«|i vun ^*rm w*c*r trm in. Karton 

ri..od>r.s rh* n..ir. pc»ol. l^» pjtipt-d w.ivi w«> j uw Jv«re*» higher. Many 
ttre cr*iation» of t«=pcTJl-rc couU be u". lenper-ture tront. of w«t« 

flood ir^ tJn? F-"-"'*' 

p. L.3. Arav. tvn. ^t ,^ n^l Lipotatory . From iiaimauih, J,J. , Sgt. 

Ihi ?-rp.i»e vi.it w*i ta liupeci the thcnul naps m^it U the 

P«r.J=i teit> of the AN'W5-5 brtvem ? Miy ..rd 28'H»y 1962. 

rhe pyrpete o: the t«it« va« to evaluate the equipaent for use In 
:rffpicil r«4Jor... Ihe le.tt .lave been Mde uver * deaignaied area. Thli 
4rca i» ippr^xi«.ii.ly a fc-mi long end 2-mi wide »trtp about 1-W2 ml to the 
Wett .nJ roughly parallel to the P^naB« Canal. Th- 2-inl wide Southern 
bound*i> o< ti.* *re* I. «^-*hly *t the Utltui. of the Southern shoreline 
of the Hty of Th* teriAln it mount.lnoui (elevatione up to «00 ft) 

&nd !• covtred vitn jungle. 

Ilie equipMnt had nuoer^ue breakdown*. Failure* occurred primarily 
in the recording unit lpolnt-p«tiit let. recording- l*ap) end In the deteetor- 
p.cMe. However, the photographic camere* (»-20, KA-220. I».39) eleo used 
In the flight*, jM»d even more frequently. Con.equent ly, but underitaad. 
ably, Che reiulc of the test* it .not volwlaeu*. 

Ihe maps obtained were made at e flight .Ultude between about 1000 

and KOO tc. 

VnfortinAcely, the original negative* show, invariably, very low 
cer.tra»t and often r^ve been -nd«r developed. Moreover, in • Urge peremuge 
of the map., one edge oi tne m.p we* not exp"»ed at *ll though the re- 
cording l.V did not ignite. It I.p9**lbl* to eatlm-te whether the low 



4v*.* u- .1- •r*.i;l,» U*w »»l ihv t^i**! iie-. or to * generaMy poor 

.-; i..., ;.. -;,-.J.w. to . »-:M vftc.:> thetf c.^ndit Isnt. 

cla* ».,»uU no*. o« jv.ii*&lr :o -J p^nUlly rc»olvc this qu«tloi»). 

scntf h«w b««n plAnn«J. 

in i«n» opeii3««. ^ «.onvo> ot S And .2- 1 '2 ton trucki In «bouC 75-£c 
iitiATi^* '.r t*-" i'« procttJed m * very nnr«.- uruck-widt) 

rMd JT.iiT a c«-.epy ef tr*e». Th* rh»r»»l nap •hiw* wtry clMrly • ftw ol 
ttttit tr-jik*. M.-».»v*r. ?ki opinion ik th.t thfte truck* «pp«artd In optnlngt 
of th« canopy. V-ft i* phoco|t«phs. nad* darmt the samt tUitht^ alchouffh not 
*iajlCAr.to-««iy^ truck* not bndtr canopy. 

Tht othor tsptriment invnlv#d a nmbtt of Ur|e caapflrti lit In 
Akout 60' Ri4h jungle. Iho fire*, about A m ol«m«ter, w»rt «lUgtdly 
clCArly ii'zt'.z: t.t i: --i i.ia thit the pilot has also «t«n tht firei fron 
tn* fiigni aititji* of aoout 1500 ft ?o that., piobably, a direct lino of 
•Igh: cxiitte batwttn a f»i» and tn» airplane. {Thi* record wat not in tht 
Evar.i Sii-^al laVcri'.otttft at the tlat of the vttlt.) 

r^t. Kltpptt ■•niiontd »anm Inttititlng ffltteoro logic at phtnoMna of 
tr.e j4n«lt. Earlv in the tDjrniftg; heavy nlsc or fog ttt* on tht Junglt until 
the tan b^rn* ..p the fog. Mjitover, tight after rain, tht junglt "itMn*" 
heavily for •b^-t hoji . Kowev«i »jC'i ••|'e*olng" hat not bttn obetrvtd 
en the top of the sn».«r.t»i *. <So»t tn*t the flight teit« have bttn dtlaytd 
x-.til ir.t fsg Ci*iip«'.td. Some nipt khow patthtfc of cloud*; iht nap* do havt 
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detail* .M t r^v trir^i:i itiiouiih xn* tfJ|it.>» di i hv c U>ud ihroiish v#ry thin 
i:rJt4 *>f i.l«p|«<i til oui Jtientlon jt Qu«rttraast»r 

'•*"*r.« 1 rty.Tt ,r. if.c SiVkOtOtOi^kk.*! i,» ii{ i lu* jungir; no%#rvar, cna 

c. Vr.iv»r:i:y . y Mwnnjn tn»t U u< f of Si lencv a nd T*chnolo| ^^ 
HoU*i. }, w.'ijm. W. Wolte. ^4 July 1962. 

lh« IntrTf* L»i>.TJt.»ry t> very v«U equippfd witli infrartd scaimtrf. 
InatJlUJ In RiD ^xv^nft. tht Uboratory aperjttn j mudiflvd AN/AAR-9 viid a 
Bodi<i#d a:: aaP-2 vnr. i^ar^d tn*tjnr«necus field of view. The Ubontory 
recently obtAlne<« five coeplere *»r« of AN/AAS-S lynteas; th«M •quipntntt 
•rt currently btim aodified to a 2-nrad field ol view and will be inttalled 
tn L'iO aircraft. Moreover, the "Projeci MlchlSHn Wide AngU Scanntr" ti 
inatalled in an 1-23 aircraft. 

A ntaber cf deetctora are available for u«t In theac cqulpMiita, 
covering the apeccral region fron about 1 mlci-ofl to 13 olcrona. Tht long 
vaveltngth <««tectors are eitncr copper or aeicury doped t'lvaniuD. The 
cooling of these dettctort i« accoBpllahed hy Xi^^iC and He poured in a 
d.v.bU d*w*r. Af<oi<iing to Mr. Koicet, no dlffiCMlty la being encountered In 
operating the equipnent in thla faahlen. 

Ihe AS/AAS-5 la a two-channal equlpnent with the following 
charactarlftlc»: 

AN/AAS-5 Utt 1)^^*^' ^' 

Designed for mounting in L*-20 aircraft 
U«ignc>-300 Ibki Power— 33 amp 28 VOC 

Optics: Two back. to back Identical. Radiation folded by one 
of Cho parpendlcularly-mounted pUne autf«ca rotating 
>c»r.r.cr collected b y 6" f/O.8 p*r«boU, folded again 



7.10 Optica! "tih.i.ual Scanning OirvUea» Cnlveralty of Michigan IRIA 
Statfc'Of -thfAri fieptTt May 19'>8. 
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by tUl alTroT. anc! focu^^kcc! w» c«U. CLf It 0.25 b; 
^ttt «n^^l«r t«««>luli«>n>«i miad,, IocaI tcngCh-5 in. 

r«.:«>.i.>i. A phccj«>>nJuvilv« dtfiitwiur O.S & O.S as !■ pUetd ip 

f.H«l pUtif; PbS on dn< sldt; cooled PbS« ox PbTt on tho 
ocn«t. 

S.*r.: Only 85* vunttt of c4Ch icin 1» dUpUycd. Forward 
»CAnnln| it du* to aircMtt motion. C^ch dtcaccor 
tr«kC< WO Unt» p«r »econd to thdt iucctf«tve ican lioti 
ju>t touch at 17S sph. •leitude 500 fL. 

Objective: PbS— mln. detectable ilgnAl of l.S x I0^.,u8tCB 

PbSe—sln. detectable ttinal of 3.4 x 10 wactt at 2.Su 

Thi* leads tc a tKtnpriot'.T* -enHrivlty of about l°-2^» K«Uy. 
VSASSSL felt that Hg-doped-Ge celli could be uaed, chac the cell change 
coulii be made by a covpany like II In about 5 nonths and get ■ansitivltlts 
of fract^.tna of a degree. 

r>e LtberaTor^' hai begun a 1-1'2 yenr jTOgraa to roU*ft d#rall»d 
d*ta on the te^exatute of terrain, «• a function of the else of the year. 
Data will be taken twice aonthly. napping the aame terrain each time around 
the clock CO resolve the effect of the time of the uy. In addition to 
thli actlvltyj the Ubcratory has an extmislv] prograa in sapping anw- 
covered crevmaata In Ice-capa. 

Hie Uboratory haa aade thermal aapa ihoylng very fine detail. Mapa 
of rjnwAvft with slspla r*»otutloA charta indicate ihat parhapa batter than 
l-«rad reaoltttlon haa be*e attained. Varloua vahlclea In thla map made fr« 
an altitude ct 500 ft can be diatlngulahed according to the type of thj 
vehicle!. It U interesting that a parson without a ahlrt in ona of eheas 
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n^T,y i> , '^trxtei \^Mt lot l.lot 1 1 ; 0.1 ) ■'uTif.i? jv.uther pcrion with 

A »hlrt or. if =i»5ir4i tt.— t !:« A^p. Map' or hlghw*v» aalc with th« •••• 
cqutTBCiu troa >00-u ^Uitudi vcr; klr«rly J now * dUiornon of vthlclM 
due Ca their motion uhe *c4n-Une w«» p«fTp»nilitul«r to t h« ro«d). 

Such vtTY hi^h ri-soiution oMps with v«rv gjod i«oper«tur«-»«n»H Ivl ty 
c*n onlv b« obtJio«d bv contlder^blc attention to the pqulpnent. Th« rttolu- 
lion II >ln'jlt4r.eou4l> Uaittrd by d nxnbtr ol factors. Thtnm f^rtoti oay bt 
the ln»tant«ntoui field of view, the definition of the optical lyiten, the 
slse of the recording ipot, the *>T»chroniifli between ecanner *nd recorder and 
tf.e ttabfUty of the antra it. Conaequent ly , a further increase In rcaoLu- 
Cien requires siaultancoua tnprovencnt on all theae factora. 

In the Bftancls*, correct operation of an equtpncnc is the all 
portanc factor in obtAlDlng «in eptittun map. 

lUsrs. Holctr and Morgan of fertd to culte a asp of a nearby pond with 
and vlthout diaturbancc, during th* couraa of a riguUr nisaion und«r nne ot 
th* Uhontory*! contract, ^ccau*^ -yf contract, rtquirescnta the aap will 
bur a Confidential claiilflcaeiOR. 

Conaidtiable work on ISi, oriancad to combat aurveillauce problcna, 
tut batn participated in hy the Uborator>. (Raf. 7.11, 7.12, 7.13). 



III. Air For ce 

a. USAf Aeroaautlcal Syateag Divlalon . Wright -Patterson Air Force Baaa, 
C^.io, &a&oonaia*ancc Uboratory (ASRMR), Infrared Section (ASUiRS-3), 
Ksirt. C. L. Woodard and K. K. Griabcrg, July 16. 196 2. 

In the opinion of !1ssri. W^odard and Crlaberg, there U no **ahelf" 

equlpnent with a capability cooparabls to HU'a Reconofas VI (eee KRB-Siager 

below> and to the AN/UAS-S. Aa far as airborne IR atudlea arc concerned, HU 
7.11 Morgan, Joaeph, and Dana C. Perker, An Analyata of IR Co mbat Surveillattce 

and Targftt- Acquiaition Equipment for Uac In Erpedi t lonar^ Op eratlone of 
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the Marine-L-ndina Force (U) , IR Uboratory, Ir^atitute of Sciap« and 
Technology. U. of Michigan, 1962 (Secret) 



htt tr.t vMi rftittnvive r«pcrt«nce. Intcrprrt^t ton et IB rtcoHMltMnes data 
If Mtuycd toT Che Air Fott* b« lU)B«r Air D«vtlopa«nt Canter (J. Poharanc, 
MHKC. Ext. 21W2. 

At thiff etna. th« 18 »ec(ton was not Uyln^ lUeraul uppari. Howavar, 
(he Reconr-aitnAictf uDoricory luo on oiitx a uaS i nodi ft ad for 3>ch«nnal 
opetttion. One channel to operate in the raition becvean about 3 and S •Icrona 
with a liquid InSo detvitoi; the other in the vleLlle region of Che 

•pectrta u»xng a pnotOBuitipliei deteccjr. The total scan angle of the tqulp- 
acnt CO b< 146^ wit . an in»tAr!r«ii*>.>.>« fi»^A nf vi*w of \,f srad. The taaper- 
asure suMicivity of ch> :a5b chaaaal to be abi»uc 0.1^. Hi* vMuiiwani. will 
be operated at altitude* up to Si, 000 ft. lha IR Inforutlon will be racordad 
on 3" flla* thif anuipaent will lerve an expat laenral acudy that la almad at 
in-flignt correlation of visual, infrared and radar dAta co ba obtained la an 
Integrated ayataa. j 

The Infrared Section of the Raconaaib»ance Laboratory had juac inltiatad 
a fttjdy of the detection by p«»alve radution of imall band* of troopa and caap 
•ite», utiQg iBulticoler t«wtAiquet, 

!i«srft* Uoodard and Grlnbcrg, were not aware of paat or praaant thao- 
retical or experiaental invcatlgatlon that would be applicable to the problM 
of waV* de«-e<-*le>*< i" mil bodies of water. Investigation of the detection 
of caapflre*. would be undertaken duilng the course of the abov«*«antloui^ 
study. 

b. Rf-iio . Texas InstrtMent* has a subcontract fron McDonnell Aircraft 
to provide 10 ASi/lAS-S cqulpi&feaLS for uaa in the RF*110. 



7.12 SvTgpotiLin on (SgSS > (Uoclaiat f led Titled. OHk Svvpaalia Report ACR-S4, 
Office of Naval Research, Dnwartmeni of the Mavy. 

7.13 Prooedinjii cf tne first Sy^pcstda Ofi Raacte Sensing o f Envlronnent« 
13-2S Fc-bruarv 1962, IR Laboialory, Inat. of Science and tech., U. of 
Michigan, March 1962, NOnr 1224(44) (Inclaaslf led) 
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IV. H*U«r. >UvBK>nd ^ Brown- S ina«i . Inc .. Stit* Lollcgi; P*., Dr. C. L. 
Wc^^ibri^lfc, y.iS7S. J. io»cl and J. V. V.'«Ikcr. July 19. 19(2. 

In a Ctxap^nv'SpgntorvJ proRMa. cogent design chjnget In tht AN/AAD-2 
yKtc^xiciin IV^. resulted in a hlgh-tpe^«i IR drtcitlng see cjpabU* of optratias 
At tptcdK i>p ct> Mu-h l.i ni -in jUitude of 1000 ft. ihlt new lytiaa, dwlgnaced 
ai RcconofAX VI Is about th« saae <ic« upproxiattely t' x 1' s 1*1/2') and 
vtight pounds > d» its pred«c«s»or. The equlpnent naa a 3«arad fltld*of* 
viaw and. at a aaxina V/H ratio, ttaparaturt aaniiclvlcy of about 0, 1°K ut&ag 
a Uquid N,-cooltd InSb d«ttetor. Tht dtttctor padus? is derlsnad aa plug-la 
units so that all current and future detector types can be used In the eyitM. 
n-i* Jsteccocs arc readily interchAngeAbte during flight. Bealdet recording 
In flight, by Boana of an FM tranaaiccer, the Reconofax VI caa celeaettr the 
raw video data to a ground>based recorder. 

ttider developsent is Reconofax VI*B with an Instantaneous fleld*of- 
viev of l-armd and a second signtl channel in the visible region nf the 
specr ripi, 

Another systca, R*conofaX VII will be an ASW>typc scanner. It will 
hav» « 10" aperture di^attcr in contrast to the 3>I/4'' collectoi ot Che 
previous sysccms and an inst«nt«ntous field of view of I^. 

With an InSb dviKkLoi, a tcnperature sensitivity of about O.OOl^K is 
■rprcted; visn a G< t detector but otherwise, under identical conditions, 
a fivefold incraasc in cenperature •enaicivity is axpactcd, 

rhcsc Latter systcas will have a continuous calibration recorded sn 
borh *dg«k of the thip-map. Consequently, the absolute "temperature" of the 
arCAS will also be possible to evaluate in addition to the "tccperaturc dif- 
ference" th^: prevail* between various areas of Che Caiget field. 
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HXB'Smf^T Ik «l»<i working on \,*^* development 4. 2« fluid catcftdad 
rtitit*r«(w» lui AcrcfMutuAl Svvtta* iiiviaion. Wriniic-f'attvraon AFB, 

Ohio, rhc pri.-igr.ia 1* «laed ax m \ lo»cd loop cjoUr that c«n Cacllltata 
dtctcior Ap«rnM<m vUiitr at 30^ or dO^K; it li about 1/2 to 1 yur ttom 
coapittLon. It 1* incarMting to nott ttut in Dr. Woodbridgf'i and Nr. 
Sob«r* opiaioii. oparatlon of a daiactor,, without « clo**d loop 

co.>l«t.. i» isptaiLic^l. b#£.au»tf of t hv rtitrLktluii i t\*\T\y Vertical orienta- 
tion of tht del «k lot- package. 

It va> noted that. siSuatng cti&t a wake ha* a cenperacurt dlffartntlal 
u. i'^i^. J«(Ki.Lion i» vttiy pokktblc, once tR« contrast batii#een pond and 
terraln-'which a«y be ae high as tens of degrcce-*hafc bevn elLalnatad by ra- 
■oving the loh>- frequency reeponfte of the equipment. The pond would probably 
appear a» sore or lc*» «ituiuiD background so thiC no dynamic ranga problm 
would exlKt. According to Mr. U«lker, eKpciivnce Bhowi chat a Una ehapa in 
a cvo'dimeniional pUtuie can be detected when the difference between algnal 
•no background le perhape a* little ai 20 per cent of the equipment nAlae. 

Ai reported earlier KRfi- Singer ha* an equipment available for rental. 
The co»c of th« airplane ik $lOO/f light-hour, Che coat of che equipment 1* 
Si'/O^day and the cofc of field engineering eervlca* le 9100/day whan away 
from State College. Mr. Walker tuggaKwed that the teat king point of the dia- 
turbaoct end point where the pereon caueing ihe dieturbance would leave 
the pondj ihould b« OMCked by beaconi eo that the approximace location of the 
diaiuroait».« could oe poiltlvely Identified on rarp. For daytime maaaute> 
■tnci^ a apectral region above 3 or 4 mlcronb haa been luggeated (Ce f Kg 
dareer< r'l; for Rlght*clmt Mtaauramaiiia, t:.« region between 3 and 5 micron* 
wouU be advancageou* bacautt che avaiLabiliCy of varloua ■ice inSb dctactora 
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could l.tiilii^t* d t.ajri<r JircrrmiMCltMi ot tht of th» tfltcurbanca, 

B . EQiTPi -ihsn Fixru-siri experiments 

l> B^it J«AtiTnnv ^ Inc . . C«flibrldgtf, Hiiat. (UNA- 7420) £v«poro|»ph* 
(R«f. 7.U) 

In ihv E\apui«>iir<iph tliu ihlckii««« ot an oil tim being condanttd on 

ctiv bdck of 4 B«brdn« •ftpo««d to incident r^JUtlon i» « luactlon «t Clw 

point -to-point lAiCtf it.«ptfr«iurt. tho bnt t«Bpc»cur« flonairfviry »«• 

perivObiiii under C4r«ully vuntceiUJ Ubontory condition! !■ 4bouC 0,5^ 

whls;li i« . concldtrably !•«■ than tho th«finti(.«I imsitivity. Thli it 

probably oHirginal for our uat. ^urchor, at roon taaparature, eha inatruMnt 

la falrlv alow^ raqulrlnn aMuc 19 avronda nc roon casptraturt for ditttrenees 

of a fflw rapa of dagraea «nd cmtaidaratly longar for aaallar dlffaraneaa. 

Anethar dKfieulcy vich chia Inacnaenc la that It produeaa only pieeur«8j 

which ara difticulc to uaa qiuntiUtlvaly. 

11. gafliatisg Etactrgttiet Csss^rs^f, 111,, Thanaopan. 

Thla conp^ny h«a two baaie typaa of acannfng radionatara, a Una 

aunnar, tha TF-2, and an araa>or>lin« aeannfr^ the TM-5. Thaaa ara awda up, 

en erdar, and taka «bi>ut fiva aonUa tn build. Thay ara not acandardUad ao 

that thara la no fim aat of eharaetariatici. A good axanpla of thafr boat 

Inairuaanta la a apaclal high-apaad ayataa built for Radatono Araaml, with 

tha foUwing charactariatlca. 

Olacatar Collacting Nirrorat 6" 

focal Ui«tht 20" 

Angular Rttolution; 1 armd. 

Field of View: x SO 

Frwu Rata: 20/8acend 

Spectral Bandwidth: 2-9 m 

Syatoa Sanattlvlty; 4 x I0*^°w/cm^ (9u) 

'.14 McDantal, C.U., and D.Z. loblaaon, Thanial laaalng by Meana of 
tvaporotraoh . Applied Optica it 31 1*324^ Hay 1962 

SI 
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wvl;rtf: liniiiH Trsnnfer Systcs 

R.inKr oi Foi.uk: SOD' lo * 

Dliplay: Oirtct Video jn CKl 

AuxilUrv Output: T^pe Rev-ordm 

Opci. Id«p9T«tutv IUn«*: )2*'-llO'^ F. 

The lint TAtt li 2000/*K. Any of four lilctis aty he rnettly poii- 
(lontd in <ront at th« detect tsr. Th* teap«r«tur« itnitctvlcy li on Che order 
ot 0.05^-0. 1**C but ilk 1 itronf function of th« ftwAnnlni tin*. Eithar tht 
bjittc inairmvnt. or oni of tht tptcldl jobi «uch «• th« abov«> could bt ipplltd 
in • static ttae pro|r«a but would twvt to b« borrowed unUi* th« apprexlaatcly 
fivt ttoncht' wtitlni t list w*r* col«nbl«« 

117. BAmei En«ino»rin« CaaMfiy ^ttntoti, Conn., Hatrt. G. SolU, 3. 
loflOBibACo^ «nd F. tfllU, July 17, Ue2. 

The purpott of thta vliit m* to eurvey rhe evAllabillty of lnetru« 
Btnts for rhe Inveerlietlon of the redutive cherascerletlue of disturbed 

pond I 

Ic wet reported In en earlier DUC pepei ihet Che only 'tveiUbte two 

dlaentignal luftaivu vcanntfr wee the bai-nes Hotfel 13-600 Infrared Caaera, 

Thl' inacrunent h«e veiy high (l-arad) Teaolucion. Ic le capable of preduciat 

etcher a 20° a 10^ or l<fi * picture pm^ the fraae-cioe le racher loatt 

U minute* tor the 20^ a ifi^ fremc. Since the teaolution required for eon- 

erelled eaperisenti le on ch« order of 10 arad, ani chli le accaioable with 

the InecrtBent, the caaera could be advaniaieouely ueed In the experlaeace 

It it wore potftibU to Increato the ecanning rate by at leaat a factor of 10. 

Ai le turned o-it, thi tcaRnini nechenlea ha« bven dealfned for eoapaccneee 

and an incr««kt of tht kcannlt^ rate even by a factor of two li qucicioitablei 

-7.98- 



0^ MMmm 



MT 

N*veich*l««., tt»ii..< £nrtM*tint proBi»«d to tv^iuacc chu potfiblllty and 
to <i*i«raiH« .heth«i tti«tc i* Jtny r«>«(ri(tioR futh as the 4Xl«nuiiuii of ths 
ciaerA, whtn \i i« ua«d «t cwUt lit noraal ■e«nnlng rats. £vm if chU 
hith«r sc^nnt-^ rate 1« SM«lbit without r«it Cictlon^ It appoara prebablo that 
the ir.fr.rt4 Mia « datirad inatrwant only it tna diaturbanea wauld 

hava an unaxpaccaJly »li»cp ta«i»aratura>f radiant !« a v*ry ihort diatanec atid 

a very det. lUd invafti|4i.ion waa Juatlflad. (Charactarlaciea of the 

Model 12-600 are given on the next page.) 

The inscnaent can be purclMseii fot $25,000 or rented for a mlnianB 

liai of one nonch for 101 of the aaiaa price. For rente la jf up to b Beatht 

751 of the rental price ia applicable to the purLhaae price. 

The aqui^nt la nofaally uaed with a Polaroid eaaera but a paper 

ehart recording diapUyiog received radUtion ve, ciae per eean line la 

available. 

lamea Engineering Coapany haa detigned and ia producing, "Portable 
Radiation Iberw««ttr»" (Model 14.310). Ihle Inetrtaent ie a radloMter 
vhoee deaign i« baaed on (he principle of a coniinu(»ia canparleoa of cargat 
radiance (sore preciaeN, l'T-'<iante fron the nargtt) with che known radUnaa 
of a built-in black-body reference. The output of the radlonater ie Jie- 
playad on a panel aecer calibrated in degreee fahrenheic; however, the in- 
etrwent ia readily adaptable for uae wich pen recordera. 

The RadUtion Thameaetera coaa with a nuiober of wdification whoaa 
euct charactariatica depend on the deaired taperature anywhere in the 
range froa -utfif to ISOO^F. The widel whoae teaperature-ranga ia ttam ♦IS* 
to +212*r haa an aba-ilma atcur^cy of l-l/2*r at a reap<Mia> tiM of 20 ailll- 
aeconda. SinLk cnik initi^ent would facilitate "point -by* point' aoaaureBent 
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of th» »uffAi«*cnp«r4Cur« ot the pof»d» • f«w ••londt rttpoM«-clM wouM ba 
« loo'i Batch '.o chr ypcvd vith whuh MRtMl ort«ne4tion o£ ch« tripod -Munt ad 
iMtrment could be acconplished. Th-M, ■ teaperature otneltlvlcy of about 
0.1^ could U •stained in the reduced elgnal-band. The tnatriaent can ba 
obtained with - fl*ld of view u( l" » 1*1 It operataa In the apectral roglon 
between 6 and 13 micronk ao that it cmitd be equally well uaod In daytlM or 
ni|ht. Ic 4oa«i«L# of an "optical head" weighing about 3 pounda and of 
"nam elec:roaica" weighing about U pounda. Iheae t»ita are atored In two 
cairying caaea each 6-1/2 x d-1/2 » 10-1^2 Inche*. Ihe power- requirement la 
105- 12S volta ac, 60 eye lei, 15 watts. Ihe price of the infltriBOnt la 
$1775-, the dellvary-tl»e ia 30 daya. It if felt th^t a vety through lo- 
veatigation ot the ladutive cbaracteriatica of Mtll bodiaa of water could 
be made with theae inatrwenta. 

a<^JLVZS MODEL 12-600 IwmRZD CAMERA SPBCinCMTONS 
PERFORMANCE 

Scanning D«ca ; 

Hxith* 20* 

Height 5** and 10^, ealectable 

Xise^- ' 13 alnutea 

Picture kaaoUtlon^ 

for 20" width- "^'O eleaenta/llne 

For 10^ h»i»ht l?6 Unae 

Target Tenperature Range 170*=' to fSOO^C 

Picture Ta&peracurc Range 'Black to White): 

KinimiA lUn^ed 

MaxiBUD Range ISO'C 

Soalleet Detevtable leaparature 
Difference in Picture: 

m 4<»C Raftgr«l 0;5«C 

In 150°C Range 10*>C 

Absolute Accuracy— ♦s^C 
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avRNES HODEl U-bOO IWfBARED CAMERA SPECtFlCAUONS (Cont'd) 



Type ot S>*te!o Caisegtaln' Rtf letting 

Dlaoc:*r • 8" (Priaary HLrrow) 

Focal Length 12" 

Effective Apcr:ure iUtlo - - f/1.9 

iUngf of Fotus*- 1 foot to infinity 

Detectot OutA^: 

Siee U.J X O.J nu 

Fi#«^ of Vtpv. 1 X I mil 



ELECIRICAL 

Its volCKj 60 cpt, slnftU ph«»« 
400 watts 



Ur.c VcU.ge 
Power 



On tptcUl utM«r, tho instnsMnt can b« funtlahcd with « •can, 

^Thii scan tint it for a 23° x 10° pictuct area. Scan tlaa for tha 20° x S° 
fltld la 6.5 Blnutat. In tnt 10°width nodal, acan cis^* for taa 1<P » 10° 
and 10^ X 5° fitlda ar« 6.5 and 3.25 wlnutta, rtspactivaly. 

'Pot a jl X 1 mil dvtactor fitU of vi«H« 

'^Iha usa of t germanitmh-isncried thermistor detector provides a mininw 
plcmrr tcvperaiure range of 1°C, in which the datactablc tenparaturc 
diff«r«nc« !• 0,i°C. 



*rhia aptciticatlon indicates the tfitcance between the target and the front 
of tht cmaera. Considering tht additional path length of the folded opci- 
rnl lyttea, the actual distAoc* to tho focal plant for a target 1 foot froa 
the caaera is 2-1/2 feat. 



'Thla data is for the standard unianersed thenilstor detector furnished in 
tite instrtaent. The geniAniiB-ijBersed theraiator has a 0. 1 x 0.1 m flake 
and a 1.3 x 1.3 all field of view. lamraed and unlaaeriad dtt'^ctora with 
other fields of view can be fumiehed. 



7*4,2 Basic Data Experiaente 

It appears that practically no quantitative^ raproduclbla data aalata 

I 

on surface ithin-iayar) taaparature-cyclaa, ?r on tha radlatlvo chaxactar of 



I 



the »urUcc. c£ stAgnant or discurbtd budits of water. A careful library aaarch 
oi Likely placea naa airned up oni;' a tew r<.;ere»ce9 and U.S. Hydresraphle asd 
timllar survey* have not been helpful. 

ThiB aLron^ly suggest the necessity for controlled aeasurcflMnts. A 
bis,'** approach to uncover the essential data is described in the following; 
different cxperioents to acconpUsh the saaa ends arc, of course* reaaunable. 
7.4.2.1. Paraaetem of laportance 

Veople wading through norvwilly scsBPant bodies of water aav 
cause a relatively strong nixing of the water that enhibits a characteristic 
vertical teayeracure distribution. The mixing then results in a disturbance 
of the tcisperature of the water surface. 

The detectability by Infrared means of such a dlscurbane* is 
directly dependent on the teo^rature difference between the disturbed and un* 
disturbed water surfaces and on the spatial extent of the forncr. Mien the 
emissivity of the surfact: also changes with the disturbance, the change in the 
produce of <tenperatur« x emissivity) is the determining quantity. Such a 
change is conceivable, for instance, with algeous water. 

Since the duration of such a difference will be flnitt, de- 
tturii>-mr:' '.'il! V. i^zT li£itcj ir. cis.:. Censaquently, the quantity of Inttr- 
cat la the mapiltude of temperature difference as a function of space and cine. 
This quanttty will be a function of many variables, such as: 

a. Tine of the day 

b. Ifateorologieal conditions (clear or overcast sky, t«-T9r*^«tp*. 
humidity, wind, etc.) 

.7.102- 




«. Optical quality of waor (tptetral «btorptivity» rtf Uetlvity, 

and csla«ivli7/. 
d. Spsctral abaorptlvicy of the botroa. 

FUnc and antul lift and ratlduca. 
f. Oapch 

|. NBS"1'"dc of (mechanical) diaturbanc*. 

Zn ordar cn axparlMncally datarmlnc cha tffacc of thaaa para* 
■acara. that would alao faellitatt a eot^arlaon with chaoracical calcuUtiona> 
It la aaaancLal to conduct a baalc araaurtMnc prograa. Iha foUovlni typea of 
tnatruBtntadon and aot-upt may bt taployad to dataralna thaaa paraawtara undar 
a variaty of condlttona and to tha dairaa nacaaaary for Initial aaclMtaai 
7.4.2.2. e«D«rliMntaI S»t-uot 

Tha alaulatid rlca paddy la a control Ublo-dapth alapla pool 
with provlalona for produclnt a dlaturbaoca atailar to that cauaad by a paraon 
or paraona wadlni through- It ahould ba outdoor! , aa aun-drlvlng and avapota* 
tlon atfacta ara Important and It ahould bt poialblt to altar tha botton-eovarlag 
aaaily. Tlia pool ahould bt larga anough that tha tranalanc affaeta of paaaaga 
ara no imra Important than thty would be in tha field. 

Suitable axpariaania my hm conducted in a pool of about 
14 ft a 24 ft X 3 ft which may be of gunnlca conatruction and Include provlalona 
to drain off and raplanlah the water convaniancly. Ihua, the depth of tha watar 
and tha caapoaitlon of the bottom (Kid) could ba varied. 

Iheraocoupla aenaora would serve for the meaauremant of tha 
vertical teaperature dlatrtbutlon In tha water, the uae of thanaocouplea would 
facilitate accurate differential maaauraaanta aa wall aa tiw HaBuroaaac of 
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•b«olui« tca^rflttir*. . Fcur thcnncfiuples ac tuitabU apAclnM would provide (or 
chr ^tiabUalnmt of tho trapsroturp profile at one locaclon. The uppervoat 
■vaaured point of th« profile vould be abeut 1** • 1/4** belov the aurface, depend* 
lD| on the wind condicleaa. The teaperature vould be aaaaured to an eeeureey 
of * O.l^t and rocordcd by aelf *belancln| ivwutdlRn putentloaeter. 

Air teap«(«tuce» letatlve hualdlcy and wind would be aeaaured 
by e*Mventlonal Inatruaenca. 

Th* fziiy U obaerved by a radluoater fron a tower (or peaat* 
bly a cliff), vltb a acannlne or nonocannlnt radlonater aa aeeat bobc appro* 
priare. In addlcl<m water teoperaturea ahould be ubaerved direetly at a auaber 
of points. 

There follows a brief dlaeuaaion of two alteraative aodea of 
observailon «diich were esamiaed. 

The dlaeuaaion la ained at the deacrlpcion of geoMCrlcal 
candid ona uaoar which the diaturbed state of the surface tesipereture of a 
body of uAiwr can be sttaaured in contrulled rxperinmits to siaulate eerrffin 
phenonena that are expected to prevail ia real situationa. The body of water 
that has CO be elaulaced Is a flooded rice paddy; the disturbance that haa to 
be si«iUr»«* ii, that which nlsht be caused by p&oplo having waded through the 
paddy. The preaent intereet in dtcailt of che disturbance is Halted to the 
eatent that could be det cced by airborne cheraal aapping. 

la addition to the geoaetry of the experlaenral iwMiureaents, 
the feature of an equipaent best suited for the aeasureoents and, altemaclve 
aeaaureaents poesiblc with other equipaent will be Minted out. 
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In order to wMurr Iht t«Bipi:r«curr*4Utrlb«.«lon with e Bpm* 
tUl rcitfludon of test; •cross thm dlscurbsncv, cht eoU^wAnr aypvoKlMU 
reUtion b«t«««n snd ihr sUat rsngs to th« rsdioswcsr (t^ fosc), look-anglr 
to the reiolutlon slMMini <9^ ds^ross) snd the Inscsntsaeous flsld of vlsw of 
the rsdiowcer nllUrsdlsM)' omsi be ssiiitUd (see dlsgrsa)! 




(Nott that tfs negUcted 6 besides snd cook R^U) •§ the subcendsd resolution 
eloMnt. } 

In view of the spstisl resolution thsc is schievsble under 
opersdonsl conditions (for tastsace, 2-v«d anguUr rssolution and iSOO*foec 
flight altitude: 3 feet at vertical look), a ipa;lal raao&uiioa of 0.3 feet 
for the expaiTleaents could be considersd. For leasMi* of a practical sat up, 
we could consider 8-arad field of view and 40^ look angle. Then, the roqutted 
slant range, 1^, is about 30 feet and the required height of the radlOMter (M) 
Is about 23 feet above the target ar? * . 
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fxom rills height, * icdnnlitg radloaeicr (Infrarrd cawra) of 
20'* X 10*^ «ean field, could scdn (with « 20° ■vln| fro* ebmic 0 ■ 28 }° to 
6<.S^) .t length of the target field, a^, that i« 

a J - HUg • eg 28.}°) » 13.5 feet, and, 

with a £ awing iram a^, a width of cite caritot field, »^ th« la 

«2 « 2R^ » ig 2.5^ ** 5.2 feet. 

The 8paki«l ro£«iluitor along aj would detvciOEate to abouc 
0.35 foot at 48.5° angle; it would ii^rove to about 0.26 foot, at 28.5° look- 
angte. 

The variation of reaolutioo aloug a^ would be even last. Con* 
•equ&ncly, the variation with look*angle cf apacial reaoiuliwu wouU uwc be 
iignif leant, eapecialty if the acan-Une a^ ia oriented parallea to the dia- 
turbanee. In chla arrangeaeot, the center of thi> die turbance would be obatrved 
along about 17 reaolution cleMnta. The variation acroaa the diiturbaiMe would 
bt observed, on tha average, with about 20 resolution alenenta on both aides of 
the disturbance* 

Hie resolution diacusaed above is geonecrieal reaolution; 
that la, perfect focuaaing waa aaauaed. Sinee tha a lent range in the look- 
angle region between 28.5° and 48.5° would vary by a factor of about 1.3, the 
degree of focuaaing and, with thia, the actual resolution and teaM'*tttra*aenai« 
tivlty would also vary. Conaequently, a prograaMd-focua cquifOKnr would be 
ideal. Nevertheleaa, a fixed- focua equipaent focuaaed to the alanr range 
would probably reautt in very practical accuracy sincr the variation in range 
to the diaturbed «reaa can be expected within the depth of focua. Horeover, 
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lh» vffect of defocusslns would be cjty to dettratue cxperlnvnta I ly by co^arlng 
acaturtacnts fvHuaainK to three atffarrnr rangva, for Inacance. 

To our knowUdgc, thv onlv liifrared caaar4 that la readily 
available, la tli* Bamiti Hodel 12-600. UhlU thla caiwra do«a have a total 
field oC 20® X 10° Ur, 20** a 5°) and l:» teaperature-sanaltivity of 0. 1°C ap- 
peart well a- Ircd for th« pr«»«iit puipw»«. the acanrxng tiat la IJ alnutea. 
Thla tlar nty be axceialvely long for u». -ttie 13-i«inute acannint tlae Is, 
partly, c*ua*d oy the relatively high resolution: 1 orad. Although the pocen* 
rial exists to aecre««^ fhp scannins- ti=;; to 13 tilnutcs by decreasing the 10** 
width (about 170 elenents) to 1° (17 «Uwnts), this could be achieved fros a 
sUdc range of 150 feet, at a look angle of 60°. But, In this case. th« required 
height of the radioaeter would b« 75 ten. mis height would lead to a costly 
platform unless a suitable natural tacrein (cliff) could be found u locate the 
cenera. 

The 10 T 5 nodel of the Barnes c^aera would picture an about 
13 -feet by 5- feet area (fron 66- foot height at 60- fact slint range, 9^ ■ 60°)lii 
3.i5 ninutes. Thla j>itture would have, at a^, a spatial resolution of about 
O.oa foot. Thus, we would again pay with tlM tot nut -needed resolution. The 

caacra at a height of 40 f«et and at - 67.5°, the spatial resolution r 

" c 

would be about 0.27 foot .ad the scannini<tl«e wuuld be about 2 ainutet. fhlt 
tiaa could be reduced to less than 1 ainute, if, at 1.3 vad fitld of view 
(geraaniua Imersed detector), provision exists to increaee the scanning tiae 
by a factor of about 2. 

Aa infrared caaara wuuld have the advanrige that it can pro- 
duce a visual presentation of the theraal chitracteriatiea of che entire targoc 
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field, and, ■iBnilranroiwly, tt e«n furnith « radUnc-incciwlty vs. tlw (scan 
angle) resold ot the ztxn.z flslJ. Unforeuaaccly, chc «nily readily avaiUbU 
caatra htf An iinnvcaaaarily high r«aoUtivu for the prsssf.: appltcation* laad- 
1ns CO «mceasiv« tlava to pitiConi the flHtasur«iwnta and/or to a Mattirmanc 
gfoaecry that aceni lupractical 



radlowcer. In this caae, at 1 acted araaa o[ the target field would have to 
be Masurcd '*p<ilnt-Hy>point" or, the teo^eracure variation of a hi^Ly li^or* 
tant area eueh as a portion uf the disturbance, could be aeasurcd during a 
period of tine of interest. The field of view of the radiosueer and Che geo- 
■etry of th* wasuraBente vould be as described earlier, tfith two IdaatlcAl 
radioneters, a differential arasuremenr could be nadet one isavrtaHnc would 
be pointed at the disturbance and the other instrtaent would be pointed at an 
undisturbed portion uf the target are*. Of course, such informtion could also 
be derived on a tins sharing basis. The Llae required for the neaaureaMnt of 
one data-polnr would be detemlned by the tine needed for SMnual aiming of tha 
radioMcer, since signal bandwidtns on the order o« ten cps or sore can be had. 



scanning) radioneter. In this application, field of views up to • arad s 8 vad 

can D« obtained by the use of appropriJ>te-eise detector. The deteecora are 

theraistor detectors of eaaentlally neutral spectrsl response. Since, in fl<ild 

applicatiou, the spectral region cf detection will be Halted by ocmpharle 

absorption to either the band between 3 and 5 aicrons or to the band betweca 

* The use of a Urge tieid of view in scanning leode leads to overlappiag 
scan lines but not to an advantage. 



*n «lt»rni«t4ve ■«eesurep*nt-pr'»sr^iB vould use fixed-field 



The Barnes csMra can also be used as a fixed-field- <not 
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(! jnd \i njcsuns, the tti utral rcspursc ut a ty.^i-3:Uto»- Jrlrvi dww* nut hav« 
a p«rtlrul«r ■dvinit^Kv. The advantjge of the thKnilfCf»r deCrctor It llaltsd 
tp thi,> ^t-Actlcal sspvct that it do«t not nctd coollns. 

If vf add chat th« ilow response of chemistor dateccori Is 
rtiponslble for the long seanntcg ClK'S pf. loiuly dl6ci««*««l, 1( apprara (hat 
« caasra with theralstor detartor would not be the heat choice of acaontng 
radlonteter, nor perhaps, of a fixed-field radloivctr. 

The cxptfKiMunt, preferred after conalderatloa of all factors 
and on thu basis of sinpUcity, low initial costs, and a •MMwh«c Bore aodest 
data-handling problcn is given below: 

The radiance ("tenperature") of th« water surtace would bs 
meaaur^'d with Barnes "Portable Kadlation TharnoMter," Nodal 14-310. Ihls in* 
strumcnc is essentially a radicneter with a built-in black-body raferancs, 
operating in Che specti«l region between 8 and 1? .-nicrons. The Instrumant may 
be had with a f ield-of-viev of 1° x 1° and a temperature sensitivity of 0. 
at a response tine ot 1 or 2 seconds. Two radlosscers would be used sioul* 
canaously, on an about 20- ft high wo«den plattora located at scac 8 ft froa tha 
ease of the pool. (Figure 7.4.1) Thus, the slant range to the center of the 
pool would he about 25 ft and the subtended areas would be about 0.4 ft x 0.46 ft.* 
Consequently, a 0.46- ft wide annulus could be scanned by rotating a radiOMCrr, 
at a constant drpreasiou angle, around a vertical aula. In about one alautc of 
Lite, otie lialf of the annulus could be aeasurvd. 




* Both the acc'ira?" of the tcoperature Beasurewnts and the spatial resolution 
have be«n chosen to uMich the capability ot alrborni; IR ■tanners. T^iis is, 
typically, 0. l^K at 1-mrad square f ield-of-view or 1 eq^iare foot at 1000 feet. 



In BMASucing Che tcnpcrsturt of • dlaturb«ncc» OM rsfllOMttr 

would be pciitted at the center ot the disturbanet while the other radleneter 

wouU •ii*n the ennuluK. The output uf the flrtt radiOMCcr, the dlffarmea of 

the radiowti»r outputs «nd the aoguUr position of the •canniim radlomtar 

wouKi be recordtrd on a atrlpochirr recorder. Thua, the ttoperacura ot the 

ecacter of the dUcurbance v». tlaw would be contlnuoualy aeaiurtd; (tw tpa* 

** 

tiai extent oi the dlMCurbance vt. tine would be neasurcd In liwcharing. 

The radioneters would «lao ferva, frott tim to tiWt for tha 
Bsaturctncnt of aky temperature. 

A calibrated thenaoplle would facilitate the aeaauraatnt of 
Intolatlon and a convertlonal Illumination meter would be uaed for the aaaaart* 
aent of the tranimltslvicy cf the w^cer with various concancratlons of oud. 

In order to asiure reproducibility^ a simple loeehanlcal da* 
vice rrould serve to Introduce the disturbances, this device would be parhapa 
a cylinder with radial fans, that would roll on the botcom of tha pool whan 
pulled &y scans ot a rope, ihe cylinder would b. about 1 lo 1-1/2 ft iMin 
and large enough In diameter as not to completely submerge In the water; guide 
ropes could asaure an approximately straight path of travel. The final fora 
of the device would be governed by the criterion of producing dUturbancas 
that are similar to tho»« caused by people. 

** Alternatively, an undisturbed area of the annulus could be measured Id 
continuffl and the disturbance could be scanned. Moreover, the angular Also 
of the annulus and its respective portlofis on both aides of the distur- 
bauce, are possible variations in the technique of aeaaurcMfita. OptiauM 
technique would be determined cspcrinentallyt 

a Ideally, the spectral distribution of thttc qtiantltlet thould bt Matured. 
Nevertheleaa. the measureotBts cm be reduced with good accuracy to funith 
the .leetseery inforaecion. 
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m« •111! oi thu pool would Ki properly /vnctd and tuicabU 
■ toikii* Ucility provtdtid for the inttruarnti. 

Tht tftpttrloMnif could bt carrltd out in iwu phAM«« in 9*K' 
BKHUhf' tlac. A« followa: 

This ph««a would requirt two calendar aontha, coniLltuced of tha fol- 
lowing accivitiea: 

a. Raviaw of caquircBtnca and dataiUd apacif icacion of tnacruMnta- 
tlon and ati-up. OacaiUd program plan. Pint and aacond waaka. 

b. Stlactlon of tcac araa» Csitgotlatlon of laaaa^ Firac through 
third wvaka. 

c. Conatiucciun oi pool with n^chaniral disturber^ radloaatar plat- 
fom, storage ihack, faoce. r^urch through eighth watka. 

d. Aaaanhly and calibration of inatruaantatlon. Second throu^ 
tfighth wtfka. 

fhaee 11. Exoerim^n^i 

The expertaenta would require four calendar aontha. During thla tlae, 
the BeaaureMnti would be taken, data reduced and evaluated to eatabliah the 
requirementa far detection by alrfcome surveillance gwar. 

The ■eaaurenenta would be perfomed in three categnriet ae follow*: 

1. Inatallacion and checkout of the inatrufflentation. One week. 

2. EataDitenaent of the dally cycle of the vertical te^rature ax- 
curaion, including aurface teapcrature, of undiaturbed water. 
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Tticft MfasureMrrtit would b» v«crt«d out around th« clACk, li< 
ord«r to docormlne tht tine of nlninun ««cursion ihac it pocon- 
tUlly tlic tint ot Uatc dottctablUty. 
3. CharactL-rlsclct of dUrurbancvt. Th«af Maaurvnenta would ba 

carried oui *i crltlca» ti<»»« of the day to facllttact aatabllah- 
flwnr of chp dally variation af dittsccabiUty. 
The a«cond and third categoric* would Includitd tacasurvflMnta aadt with 
••vviiil different lypvs of bottov and, if poasibla, with aon* growch in tha 
pool. Twnth through iw«nt>" fourth wdcka. 

Tlw ttatut of the program and partial rcaulca ahould bt aaitaiod on a 
■Michly baaia. A £lnal report ahould ba in hand by the and of tha aUth c«Un* 
dar aonth. 

Thli prcgran would raquira 4-1/2 nan nont'ii of atnlor and 5 mn wnrha 
of Junior effort and costs for tha axparianatal set-up should run about M 

follows: 

l.l. Uase of property for sU nmths, $150/1 month (If necessary)- 0.90 
1.2 Construction of: 



Pool- 



1.70 



Mechanical Dlscurbcr 

Platform • 

Storage ihick — ...--—-.-.--—----.--•--------•---«•-•-•--"•- 0.20 

renc* with gate, $l.75/ft ©•M 

1.3 Hater conn*cM«n, pnwt-rUna, pump, mud 0.75 

1.4 Uatoration of property to original condition, 

labor to change aud, insurance, contingency— ••—_Jia8 

fb. 0 
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II. IiiBtruB;ntatl»n 

l«diDWtt«r, 2 c«h *t l.BK - 3,40 

Recording pgicntiOBieter---—-----"---"-"""— 2,20 

Strip'ClMrt recordifr---— o.90 

C£iitrc:bi iLur^jplK • — - «.35 

MUeclUncCbJ (lllunlnatloifKter, readout pot«KloaK«tttr 

for icanalng— radliNMCer, scan-tirive, trlpoda, etc. 0.7S 

MtiLedrologicdl g«*« Mid naaccllaacuus in..ias- ------------ ------ ^LOO 



99.8 

7.4.J. "Qulclc-F<«" g»tN.rliiw.i.t 

Znfonaal arrangeaenca uara mad« with UDlvaraity of Nlehlgaa 
(Hr. J. ttorgan) for a '*qulck-f U" exparineat Involving tharmal Bapping of a 
naarly ahallov poo!. This \ia8 iu llttu of a prefarrad rantal of eoMarclal 
•qulpwnt* An account of tha axperlsMnt li given balow. Vnfortunataly« acha* 
dula difflculctaa aroaa which pravantad running cha asardaa undar fully con* 
trailed eondlticcs and there vere frustrating cqulpaent failuraa. 7haa« wmI 
lack of axparlanca with thla typa of obaarvatlon mada Int^rpratacion difficult* 
It haa not baan poaaibla to riip«at tha axpariaent. Muen thanka, nonthaUaaj 
la due CO Univaraiky of Michigan paraonnal for their efforta. 
7.4.3.2. Eouipmenc for ExDeriiaent 

a ) Tai^ratura Proba Sat : 

(a) 5 (five) taaparatum ■cnaing elwaanta (probaa) 

(b) 1 (cMia) readout inatrunant 

* Two oC th«e« »ata wure purchawd and one ia now In uaa in Thailand. (Saa 3.6). 
Satiafactory reaulta wwre obtained in taaci in Santa Barbara. 
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(d) 1 (on«) probt nount 

(c) 1 tunc) thKraoMcer (25 co US^F) and 

1 (ons) hygroneter with Instrucdont 
(f) 1 (on«) carrying case 

(a) Each tenperacurB Brnifng eUoant ts a theraiator tabtddad 
In a glata-bead, and Mounted, vacef proof, In * tteal pr^a tflch laadi 20 ft 
1p length. Ute thtrnlsiur ha* a nagaciva t(tBp«rature*eo«f£lclcQC. Its ra- 
fliaiam-i* (terrttaaes with InciMiing lempttrature. by an aaount of iha ordtr of 
1 par cane per 1/2^F. The realatanca of the thamlacor la of the order of 
6000 ohoa at SO^P and about 1000 ohaa at 140^F. Cunaequently, the reaiacaa^e 
of the leada la negligible compared to the tealstancc of the thcr«iator. Iht 
leads froei the individual probes ai* bwibiectcd to an 11-prong plug that cod" 
nccti Into the readout Inatrmnent. 

(b) The readout Inatruaant la a dc wheataionc bridge with a 

(-50}-0*(+ SO) alcroa^re netar at indicator, the bridge haa three different 

alignataota fur xsto biid«e-cur<reu4. chat correaponda co che rcatacanr** of th* 

thamiatora at 66°F, 96°F and about 12S°F temperacuret reapectively. At any 

ether resistance of the thcralstors, & briJ^u-cuiitint provaila. Canvaralon 

from bridge -current to t'enparature it r«kiUt«tad by a calibration table.* 

Thk table haa three coluna for the three allgnaenta that reault in three 

teaiperature ranges. Theae are: 

50*'F ■ 80"f 
80°P • 110°F 
110°P - UO**P 

* Tlae 1 1ml rat Ion prevented furnishing tfe neter with sealca directly cali- 
brated in te^eratur'. 
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At th« **off** position of the Tc«per«cureT«ng* the bridge ii open (unener- 

Tn« bridge le energised by two Bvereedy E>12 Me*eury celle, 
providing tor note than 1000 hr of opcretion. The condition of these cells 
c«n be checked et the "BO^Teet" position of the Teapereture-raage switch 
chat connects « tlxed calibration resistor co the bridge. The bridge-cur rent 
that Bust flow In this case is -30 nieroaapere. A mcer-def lection to the 
lefL of Che mark indicates discharged cells. The cells are accessible (or 
reptaccaent through the base-plate of the Instrmenc case. Note chat c*it' 
reec "calibracionocurrent" la an indicatiun nf proper operation of the read* 
nut Intcruaent, only. For a checkout of the entire inscruMinc, che probes 
have to be inserted ia a constant tcnperature bath> together with a mttwty 
Cheraooeter and the reading fron each of che probes sust be coapared with 
che theraoaeter reading, teadiags within luA indicate correct operation. | 

The bridge operates in an anient te^racure- range froa ' 
-40°F lo + 140°r. Nevereheless, the ccaduuc Inscruaanc should be shielded 
troB direct sunlight and not plaeea on aoist ground. 

Due to the theraal inertia of the thet-aistor- probe and tlie 
delay in seter response , the response-tiae of che cquipsKnc Is of ths order 
of a few seconds. Consequently, ths aeasureaenc of the tcDq>erature of five 
probes will require about one-half to three-quarters of che minutes of ciae. 

Any one of the five probes aiy be nweaured at a time, de- 
pending on che position of the "Stations" switch, and, when the "TesDerature* 
range** switch is on one of the ranges. 
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Thm abtolute tempvrctuzc tcnBlclvlcy of chc instruawnc«> 
tion Is about ± 1/2*^7. Hc/w^ver, a relative njurtcy of about ± l/4^P can be 
obtained by emiuting rhe MfeLer-def Uctlon to within quarter of a dlvlalon. 

(c) The profoe-nounc It provided to keep the thvtAiator'probes 

at a constant relatlv* position In (a vertical) line. The nounc la a 3'ft 
long hardwood bar wl'.h liOl«»» lo r<»c«lv^ th>' pruhra. at one-liicli int«ivals. 
Each probe la aecured In a hnl# with a rubbci* grooaec placed on the narrow 
crid oi the prQbe and )ancd against the bar. 

A wooden flange with collar attaches to the lower and of 
the bar to prevent the bar froa sinking into nud. The bar Is secured In th« 
fUngc by a 2"* long 8/32 machine screw (supplied). To prevcn* the movat 
froB floating, the flange has to be weighted. A 10- or 15- ft Icmg baiiboo 
pole «ay I* attached to the upper end of the bar Co facilitate lasertlon 
(loworlng) o| the nount Into the watc^ froa the edge of the pood. Once the 
probe-mount la inserted in chc «accr»' Che baaboo*pole nay be sat and aecured 
on the bank of the pool to assure a steady posltlsn cf the probes. Tti§ sta- 
bility of the probe aount nay be Increaaad by an additional pola faacancd to 
fom a vich the flrai. pole. 

b) Surveillance Equlpncnt: 
The Unlvaralty of Mlehigan aircraft, equipped with an AAD-2 scannar 
and a aedluc apartur: radioaactr, alsllar to the equipiiMint to be uaed in tha 
routine terrain mapping experloMOts, waa to b« cnployed. The aeaniicc was 
CO anploy cotaL InSh (1/2 n a 1/2 ■■ and 1/4 wn x 1/4 xm) and Ge-Cu (l '<; m 

X 1/4 bb) dalactora. Th* reaoluCien of chis acanner with 1/2 v x 1/2 aa datae* 

2 

cors ii about 3 (niUiradians) . 
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7.4.3.3. EjLD<rt«wt nt 

On cht I9ch and 20tli of Septcabtr 1962. th«nwl Mpi ««r« 
nade ot m •ImUow, natural pond, In Its noraal ^tata and disturbed by vallc 
iuK prraonnkl. Iha ^liMry objacclva wa that of lalnlag flrtt-hand esparl* 
anca with the problem of ualn| thatml Mppara agalMt •■•11 wacar tarfeta 
and iMll apparant taaparacura dlffarancaa. 

Ona dayttna and on^ nighttlM «laaion naa ashadulad for 
each day. Tha targac of tha alaalon waa a natural pond aouth of Ypailantl, 
Michlsu. Adjacent to Hlllia toad, thla pond la about 1-1/2 to 2 mllaa 
wnat of U.S. Hlglway 23. Iha ahapa of tha pond ia rouahly alliptlcal with 
an aatlaMtad 80 to 90 yard- long iMjor asla and 43 to SS yard- long alnor axla. 
Iha dar^t* **' the pond la, on tha avavaga, about two faat, oceaalonally dip- 
ping to thraa feat. Thara la algaa on tha water parlphary la wldtha aa graat 
aa 10 faat and a growth of raad around tha adga of tha pond, ascapt for tha 
bank along tha road. 

Misaaroua tharaal uapplngi of thla pood, both In Ita b«tiw«l 
and dlaturbad atata, wara achadulad for aach alaalen, pclnarlly froa aa alti- 
tude 9f 500 faat. PUna wara to aaplora tha affact of apatlal raaolution aa 
wall aa tha affact of apactral raglon. During thr alaalona, tha vartlcal 
taoparatura dlatrlbutlon at a aalaetad location In iha pond waa naaaurad 
fxoa a aMll alualnum boat by thamlater probaa. In tha daytiaa, fraa about 
9 o'clock on, a total of about 3/8 of tha aky waa eovarad by aaall patchaa 
of elottda of rapidly changing configuration. Surfaea vlnda with valocltlaa 
up to 20 knota wara anceuntarad, aaklng for ganarally poor condltlona. Ia 
contraat, th« nighta wara cl«ar and eaU. Mr and watar taiV«»Ciuraa wara 

aa foUowa: \ 
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i;«nl*inb*l l\' 

Locrfi Tia« ■ 

Air TcflVetAture. *0 '►i 

Uater TenparaCure, "f. ... 68 64 

Dim to Inctnicceni IntQUtlon, the tMacing cycle wai 
Irregulu. In addition, high »rtod in the forenoon of the eecond d«y ■•do 
eurfecu*Uycr te^ereturti Meetiresente dUCieult. On thee night, hoiMver, 
replaced obeecvetione Indlcnted that • teo^ereture difference of about -l*r 
(at 2136) and about -1-1/2'*? (at 2146) eslited between layere at about 1/4" 
and 10" below the eurfaee. The temperature reading on the probe clotest 
to the eurfaee wae aada with the boat » lowly rocking eo ihat ♦he probe 
approached the eurfaee without emrglng. During the oppoalte ewUg of the 
probe, the teaperature difference decreaied to about l/'i^t and even to tero. 
(Hote that the probee wvre on a floating wunt at a dUtance of about 4 or S 
feet from the boat, while the leads froa the probta to the readout Inacru- 
twnt in t>ie boat, were eiAaerged In water.) 

U U therefore reaaonable that people vadlng In the pool 
ce-i6*d a temperature dlff«rentlal of at least the same oapittude between un- 
dfaturbed and disturbed areas. After the first mappings a nwber of peopU 
tramped energetically around the boat in a roughly circular pattern but the 
hoped-for '*wake" was not seen In the photographs. 

As Is often the case this tirst attempt at a ct^lax mea- 
surement In the field euffered certain misfortunes. First, .failure of a 
drive-belt on the scanner caused cancellation of the first afternoon fllgfit. 
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1100 2113 2145 
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On the niyhi altslon of th« taM 6my, • Uait In chuDswrof on« 4«c«ecor 
snd iioitv iMda on tb« oth«r coused very poor •ignals. A •ubstituto dtccc- 
cor w« tried vlthout obtalnloi «ny iaprovownt. Conscquoncly, no usable 
Mpp«r data w«re obtained on the flrat day. Furtboc, although the aubatl- 
tute detectora uaed on the aecond day aay have developed uaabU tnfotr^tlon, 
rh» in-fUfht flla recording was aade at a letting that ^ecoMdated the 
vcrlatlon In aignal level fro* the entire icanned field. That ie, the day- 
tlw fila refcorde ahov the pond in an unexpended gray scale; considerably 
leas than the available denaity range of the fila has been utilised, for the 
pond. The nighctlv records, in addition, have the pond pUced on the upper 
linos of the gam curve uhara the slope uf the curve might bo less by a fac* 
tor of 2 or 3 than in the Hiddle. thia aaaas that differences in signai 
level larger by the sane factor can only be distinguished at this portion of 
the gsasH curve as a step in density. For exa^le; at a danaity range that 
consists uf 30 stsps, and at a te^eratura range of IS^K, a teaperature dif- 
ference of> one-half degree would cause s stsp in ths aiddle of ike gray 
suaU; whereas, only as auch as I**! or l.S^K would bs discernible in the 
h£s!)'^n*ity region of the ilia. These characteristics of ths in-fl*i^t 
fila recording and probably inferior sensitivity of ths substitute detee- 
tor* My explain the fact that no waka <or personnel) can be identified in 
the aaps although the boat Is idsntJfisble. 

Raw data is available on photographic negative and aa^tie 
tape at University of Michigan. 

* Although no fins data are available, it appears probable that the tsapar* 
ature sensitivity was worse than O.SOk. 
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7.4.3.4. £UUaS!£ 

exppriasnt, Ilk* Moy field txareliai, ttittsrad froa 
• nuaher of def Icianclei Iron which Uviont e«D bt iMrntd. Th«M wr«: 

a) 8cli«duU probl«M*<orlsiiul pUiu ««lUd for « men 
Ivtiurtly Mpplftii «x*rcl«e «Alch coaprctsad bccautc of upcoBlng prlorlry 
wperlHtaii (I.e., OporaKion Troplcan, etc.); 

b) Poor coordiiiotion*-duo to • MiCual ml •under* canding, oo 
floid r«f*rmc« ttaidarda of tinporaeur* vtro provided and char* wae do 
tiaa to obtain theae; 

c) lqulpMnffailura"<aa noted aarll..); 

d) Poor coadltiona»oa the particular daya op«n for teat 
the ■etaorologieal coodiiiuna war* poor. 

Thaaa fairly typical probl«M fortify an opinion that #-/aa 
a alaple field exparlnant naada tiaa to Mtur*. j 

luainaclona of original photographic nagativaa ahowad 
no tracaa (wakaa) that could poaitivoly b* correlated wirh th* kn'«tfn patha 
of peraonnel. Thia failure waa lantativaly aiaigned to the fact that the 
H|<pad pood, in the nl^ttiv pictiiraa, waa ovarexpoaad, caualng an apparanc 
i-crcaae of the dataetabla teoparaturfdiffaranca. Such photographa aa 
war* obtained already have been forwarded to ARTA in OU aonthly report*. 

(ki Che llth of Kovaabar, 3 x anUrgvaanca oi rapraaanta* 
tiv* In-flight Inagary acquired during the expcrlMata wore received irm 
the Uttivaraity of Hichigan. 

The Mter, In the sf.ghtt waa warver than th* terrain, th* 
pond (and the road) appeara, in theae pocitiv* picturea, Mich lighter than 
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Che tetraifi. 

The point Is Chat aor« detail of tlw puuU aurfMa ecruc* 
luir wOblil be »f.en If ch« acfBtlvvt had bern Mdc with Ua«cc «xpoeure. 
Kven to, the boat In tht »lddU of the pond It clearly aeen In boch pUturaa; 
■oreovcr, one haa cha Uipraaalon of aaalDt atruccuraa of eha pond wban la* 
apceting the plccuraa at a alant angU fr« ara- length, it la ballot that 
other tnUrgcamiti aade at a higher axpoaure»ao that the terrain would ap- 
pear alaoat co^Utaly black— could raveal uhethor chla U^aaalon Ij cor* 
rcct or not. Of courae, thla purpoae could be beet aarvad by new aataclvaa, 
■Bdii, at optlm aattlnga, freai the tape racordlnga. Howavar, tha raapooal* 
billtiet of Project Tropican have pravantad the aafclng of tuch anlargaMr.ta 
cr new negatlvaa fton tha aayiatlc tape-racerdinga. It la hoped that tha 
Unlvaralty will find tlm later for further evaluation. Jo data no addl* 
clonal luformtlon haa bran recalvad. 
7.4.4. jjKSZX 

raaaonablCf If net provable, grounds It Is concluded that (1) 
7ersonnel tranaitlns through atagnaut water say cause a difference la the 
radiative character of tha water aurfaea. la a ..^nncr analegoua to tha for- 
mation of ahlp wakaa; (2) Detectloa of such chaagaa, aad eapadally thalr 
patterns my be uaaful la aatl-guerllla oparatloas; (3) Slaca tha quantita- 
tive charactarlatlca of the postulatad phenoMnea (I.e., Intanalty, extant, 
peralacaaca, and obaarv.billty) are not knowa, they ihould be datamlaad 
by a baale aeaaurasMnt prograa. 

Atrlag thla atudy aa onauccesaful qulck-f U axparlwnt with a thenal 
aapper was tried. Existing th^nwl aapa of water aurfacea aade with 
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Co—tB» on OthT Appllotlont 

Ot)ttr •ppUeatloM o< It My b« of toM Inttraic in anci-giMrilla 
work. Rigbt-tlM vlMara iwapoa alghca^ •e«mi«r», ate, for allUary 
•ppLlcattona b«v« all b«an tha aubjaet of davolepwntal work. Slnca, 
la chla atudy^ tlw f«w nsvel applleaclona <*i Tit racalvad aoat of tho 
•ffort, tha cra«tMiic haro la curaory sod brlaf. Ua^a for okhar 
appUctfCiona ot aiudy ara dlacuaaad In T^S.l* Sow lafomatloa on 
oBlatlns davlcaa lua obutaad by vlalca Co raapoBalbla Iftborctoriaa 
but for tha taoac part, a autvoy of eurrmc atara-of-tbo-ftrt ««b 
•ttaaptad throui^ aeiiuialclon of raporca. Sueh d«M aa vara obtatnad 
ara glvan la 7.3.2. and 7.5.3. 

7.5.1. Geaaral 

7.3.2. Davalcpcd IqulpMat | 

7.3.3. Ivaluatlona and Taata 

7.3.1. Cenaral 

Vlghc-ttaa Ylawara and acaaaara, iacludlni bactlaflald aurvall- 
laaea davlcaa, incnialon daeactera, ate, mtj ba of utility la carcaia 
aatt-guarllla oparatir i dapaadiot on thair parfonaaaca, tfal|^c« aad othar 
tactora. Thla la a gaaaral quaatloa of raqutraMata varaua faaalblllty 
which aaoMi Co raquira a cnporlaon of aparacional naada with tha parfom- 
aaca of aalatiag aquipaeat, aad tha faaalbility of auparljr aqutpa aa t, a 
eoaparlaea vhleh hat not yac baaa aada. la Tdbla 7.3.li la tha aaxc oub* 
aactiaa, a liat la glvaa af davalapad aquipaaac aad lea aapaetad diaraetar- 
Utlca. Thla aay ba of aoaa uaa la tha Agila pregraa aa althar (1) tha 
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t^ttlpMnc has b«m atrsadjr avMluaCad mvA raoulet My eomr cht ci 
of IntirMt for Agila, or (2) tht a^uipMntf mwn it dpnmfc, mmj •till 
b* in asUtmc* and balUbla for aacaaaary caaca. 

TWO thoufhta on laaa cypical and aowwihat far-uut appllcatlooa 
occur to ua and ara glvan h»ra without aaalyala. Ftrat, la looklnf for 
eralia oc corrldora undar tha ralnforaac, It uy ba that It wpplng and 
■ulilcolor phototrk|»hy >ay ba uiaful. Tralli or atraaa* wax raault lo a 
• Llthtly diffarant avara^v aqulUbrlua tanvaratura dlitrlbutloo on tha 
foraat top. At an Inatantanaous field -of -vlaw of 2 arad tha aanaltlvlty 
of ttataoof-tha-art tharwl Mppart la auch that about a 0. U ehaafa In 
tha product (aaiaalvlty X taaparatura) way ba aaaawrai. Xf avaraga 
ta^ratura gradlanta occur acroaa tralla or atr«««, ara of thla ordar^ 
or gra#i:ar and ara not loat In fluctuatlona, thay say ba aaan la tha 
output of proparly precaaaad aappara. A data procaaalaf ayataw daalfaad 
to aaphaalaa laothora rapraaantatlon aliht ba halpful hara. Also, aa 
aaan In rafaranca 7.15, rathar aubtla dlffaraneat in follafa ca.t ba aaan 
whan plcturaa ara takan vlth panchromatic color, lnfra*rad, eaaeuflaga 
flla. Diffarant spaclaa can ba Idantlflad and, In tha smm apaclaa, alck 
a**.d haalthy traai (vhich may hava raf lactlvltlai dlffarlnf by a factor of 
10) can ba dlf farantlatad. Such photographic contraiti aay ba uaad for two 
purpoiaa --- to daduca cha ganaral natura* of tha forait, and with othar 
data, Infar Ita charactarlatica aora accurataly. (It My than ba poaaibU 
to infar tha natura of tha ground laval condltlona pradaaly anough to 



7.13 Manual of Photographic latorpratatioa Ooorgo %mt%, lac., 

Minaaha, Ulac. 196C 
a For asaaple, whcthar a glvan raglon contalna aaay randoaly locatad apaclaa 
and, honca, la priaary rainferaat, or concaloa apaclaa la ataadt and, haaea, 
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locate "corridor*"); »itii to •■tlMCt thu tttnd damlty dlrmfty froB 

crown cUiurt (or cram corwr) and iMltht MMurMwntt Und th«tt 4miw 

tbt probabU gruund Itvtl conditiana) it U cUar that not tnougb data 

a# 

art on hand eonetrniat k. AatM foraata to avaliMM tha utility of 
thaaa Idaat. 

Xi la auuaatad that t«rr«in aapplnc and photo(raph« oxarclaaa 
ba carrtad out on iclaccad arta* ol ? . f.. Aat.m "jungla" of dlffarant 
tjrpaa, eoncalnln« aoaa wall-known cralla and atraaM to aaa if dataetloo 
can ba aeeiaipHihad. Tha data ahould alao ba analyaad to dataimlaa tha 
dairaa of accuracy attalnabla in pradUtlona vt CIm eharactarlatUt af 
tb« (round laval. 

CXha othor notion la that, if it it roalty t:ruo, that juafU 
livlflf fur a abort ported producai vlaually datactoklo ahoatoa in akin 
color, vhothor a «oro aonoltlvo Inapoctloo davlea Bisbt ba Mda whleb 
would Indieoto, in a varlaty of natural akin abadoti look of ospoouco 
to aunllght. On b4Uaca tbU aaoaa ualiholy* kuL ia not kaom. ] 
7.9. .. Pwoloood luyliNaont 

k wry l«r|o vtrloty of Zt o^tpant (or oil aorta of ■tlitory 
purpeooa hoo boon dovtlepod In cho pooc fov yoora. With fo« oseopciou 
not BMh of ttto cooMt aurvotlUaeo oqutpvnnt haa gono into produsttoa. 
Ob eho boilB that it any bo doolroblo ia Atll*i to •m o< 
dovicooi for atrotogic b«ilor» oucpoat or etbor ebvloua uaoa^ o tlac 
la ttvM t» TdkU 7.9.1 of oqulpMat ubieb aisbt ba ■ppUeablo, «ltb 
oaougli data to oaobU oa iatorootad party to locau tho ofulpaaat. 



** 0. f . Foroatry torvico «aa ^ariad for data but nono woro aval labia. 
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Tabl« 7. S.I P«rclMat MllUvy Iafrar«4 IqutpMst (IcC. 7.l«) 



n-oo 
ai-18 

AR/m-6 



c. I. 

AMrlun Optical 
Buffalo. 



Biiffolo, 



HblUnMk 



Vto«i«ro 

Paaalvo Bioocalar - ICTa* 

■ud BowiKad binoculart •2-6929 
ICTa • ro^ulrao U teardilighc 

Llka T-M but for cloaa work 
llho aap raadlag 



Handhold blaaailara - rcqulr* 
n lllHBlaacios • ICT 



Baytheon, SaoCa BarUra Tripod mamamf radar/active U 

(•r ■D¥las targata. Paraooael 
400 yd. 



■aMoa, Carrlll, BrUn Sbtaacopa Imgrr ICT6929 
Clan CoM« a.T. 



Q-©-S Corp., S.V. SttrvolUaace binocular - hot or 

illvalnatod objocta 2-ICTa 40S2<4 
Wt^Qon ttahf 

BaftbaoQ, Santa Barbara Baaic oaapooa 4914 CT-300 yd*, 
nn- ranga 

■sjrtbaon, Sanca Barbara Baatc 



•92» CT-JOO ydt. 



* Inage Cenvara 
7.14 lUliUry 



Ion Atba 



Adopted by 
Amy 



riold tatt 



Piald taat 



Ooraaot 



ProdiicKion 



Docnanc 



Production 
contract lot 
for a ^ua3t:.t]r 
of ona of thoao 



Iiifrnrad lantaMnt ¥dI 1 A i| BuBhipa ML-BBBK-290 Bac. 



Umttflcactan or 



TabU 7.5.1 FterllMM HllUuy lafrarad M«ipMaC - CoatliMd 
■ Coatraelor 4 I«cv1m Typ* Probabl* StaCua 



1.579(11 -D/r Aft 



t-)79(XI-2)rAft 



R-S79(IIO}PAl 
(iUI/TAl-4)(II-3) 

|.S79(XI-4)&(Il-5) 



laytMon, Santa larbara Paialv* iaKrualoa datactor < I 

flaM-of-vlav 2 alaMnt chamlakov 
boloaatar - peraoaaal 400 fd. 



Oai 



CaaCaaa Kodak 
BuOrd 

t«ac»M Kadak 

8CIL 

■aa caaa Kodak 
SCBL 



Slaila* Co abova 



SlBlli^r to abova -4-S 

SO tbf^. 

Slallrr Ko *lt\,^ 
50 * :b*. 



DocMot 



Tastad 



AM/PAS -t 



NIL 



Scannara 

Trlpob paaalva, for dacactlnt 
paraocaal ft wahiclas for !■ 



ScaDrod T-2 



Sanro Corp. 

Saw Hyd* '»k, H.V. 

-JSAKDI 



Tripod paaalva for peraoanal Kvaluation 
vablclaa, paraooaal 300 • 1000 yda. - 
Kbanalacar boloMtar - 10 Iba. 



7.5.3. lvIu»tlon» «nd Ittti 

Oi4ly • f«w rapgrti of •valuatloM aod tMCt of allieary ofttlpwoC 
wort rovolvod durlni ttit contract. Uavally tha raporta on chaiaal aap 
ULstKCttiAtltio (a.g. , laf. 7.17 and 7.18) ara In auch condltioa, (dua to 
rtproduclat procoaaaa) tliat thay of Ifcrta um, a* ehc xl«w dotalla 
of tha HP ara loot. Soaa paraphaaad coaoaata fraa tiM avaluattena at 
hand arc given below: 

a) Tha All/AAS-5) (XZ-l) j.ntrarrd Detactlna Sat (Uf. 7,19) 

- — -Th« |«»«out coollnt ayatea la unrallabla, ralay and 
tuba falluraa ara fr«qu«nt» Imfaa ara aaaarad by OtT bleoBtog, 
and tha flLa laafa la uaaatlafactery. La addlcloa. parte and 
eoanactlona work looaa and tha a^lpaaat la too larga and 
heavy. ----- 

For each deficiency corrective action la tuisaatad but 
It la not kaovn whether tha e^ulpaant waa reworked by tha 
■ervlea. As noted aerlf^r ) of theee e^utpaantii were balled 
by U. of fUchlsan end neve, with astaaatv* rownrklnf, baaa 
■ode to yield very good reaults. 

b) The All /CAD -1 Ground -beaed Peaaive Infrared Detector (laf. 7.20} 

Thlf aqulpaant^ by NU -Singer, waa originally reacted 

(Jan 1939) ae a portabla battlefield aurvalllance device with 

vlaual dlaplay. Dlfftcultlaa In daalgn ware anceuatarod and 

7. 17 Curria at al Tha Interpretation of Infrarad Aarlal lagoaaflaaaacf Da t a 

Hft.M9 (SandU SyataM Divtale«}IADC.TB-M-a*0 Dac IHO 

7.18 Curria at al Infrared Interpretation Manual - Tactical Tereata 

niOM (BmdU Syataaa DlvlBlon)IADC-n-«0-24rDac IHO 
7.18 (U) Operational Evaluatloo of M/AAS-S U. S. An^ 

llectronlc Proving Ground UUirC-8IC930.9l Juaa L999(Coaf.) 
7.20 fultaa, K. (U) rtnel »e»ort -♦Techptc a l Ivaluatlon al Infrared Datectiaa 
j», '^'>^ gttTiyc<P'- riii»AIPcTO930>l»A War 19AI (Coaf.) 
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vciglit rtqulr«Mnci wtrc valvad. lb* 4«llv«r«d Mii^c 
( January 1960) waa S41 Ih: 

Za parfonaanea, avan vich 6a calla, aparaeara tmnlj 
tfrtactad paraonnal at rans** la aseaia ot 100 yda. In goai 
backtvounda. DaaAga ra liability «aa vary peor. 

Tha caac raparc race— aadact that na furtbar affart ba 
eapcndad on tlita a^uipaant but that taprovad dctltaa aheuld 
ba asploraJ. 

c) Infrarad Btnaculari (Tt* nt Tabla 7.5.1) (laf. 7.JI) 
.....'•Vlth asparianca, drivata can oparata vahiclaa at night, 
using tha taat a^ipaant, practically at mU aa by yaiog 
vahicular baadiighta." 

Hm Baard racaHwadad ■adifieatieoa} te ioeliida bactar 
filtara, but othamiaa aainly Mchaaical in natura. tc ia 
baliavad that a aadlfiad varaiao af tba T-M ia a«M ataadard 
Amy aqijipaanc. 

d) Ua a of Infra<->ad la Koraa (Mat. /.22) 

"baat raaulta vara obtainad with tha n filtarad IS** tank 

aaarch light (83 Mpa at 24 volta) placad about 123 yaida to tha 
raar of tha M-3 Sniparacapa poaitioa. Tha light , vith 2 -IB 
filtara aaa Juat diaearaibla to tha unaldad a> of aa iodividual 
vho kaau ita approaiaata laeatioa. Approaiaata clear aaathar 
parforaanca waa aa ahowa in Tab la 7.S.2. 



7.21 COMMtC taport of 0. i. krwr *rmir Board I Juaa 1959 

7.22 Ord, J. A. Baport^ o w tha u<« ot Infra-Bad in Koraa V.I. Aray far 

Uat (AD 3A094) (Coof.) 
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7.6 l»t;mii0uw) PtoiLaa 

7.6.1 CMiffral 

7.6.2 Llaltation of th« 0«c«ct«kU Si|Mi 

7.6.3 O'JsHtfCiw* "iiiwi H I 

7.6.4 Coaelution 

7*6.1 Cwpl 

Tb« liBlt CO tho MOivrffMiic «f « phyai;-! qtjaBEltjr !■ lot 6y aluayo- 
rrtoont wcunl ttuctuationi (ooiac), Thtt oolto sltbc 
0 bo o i M fc unt of tho quoactty to bo aftMiirodt 
e bo predvGotf by tho aooturliv iMtnaost; 
o orlflBoto U tho CBviroMit of tho ■au»o oai 

iMtlMftli W 

0 orlf iMto oo9«horo la botwooa tho oooioo onl 
iBStnaoac. 

Id Moturooone* of r«di«cion aa abielutt lialt it sot by tho pbocoao 
nolao of tho Murea-nuudon. Haro oftoo, howovor, tho doIm froa tho 
tor|oc<» •ovlroaoont (b«ck«rouDd) 1* tho llaltla« foctor. 

lochiround iwyIm au*t «ltmyt b« ec^tiloKd wh»nrr»r -h* *im^4 «f 
(f.o.v.) of a ndloMCor (dotociioo-o^ulfwot) li Urfor thoa tho o^U iub- 
toadod by tbo t«r|«t. Uhon tho toxtot U «■ UifO or Urgtr thoa tho t'.o.v,, 

1* tho c«»o in thoiwl aopflat th9 boehgrowd bocoMa UontUol to tho 
tert*t. 

la two »rau,aiai •pylieotloM of ofticol tachal^voo to tMRllU- 
warforo (i.e., firo-dococtloa and Hoko-dotoctloa) howam, boch«roiM^-aoiao 
dooa coBfoto with tho tart«t-algaol. 
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7.6.2 LiBlUtlon ci thy D«C<cMbU SIkmI bv lackKrouad 
o • f.0,v. of • ndloMtn (ttvratf), 

2 

■ cffacciv* ai^tur* arM of ofCleo (« 
f - foeal lonccb of outlet (c«), 

2 

• Km4Unc«4 offoctivo to dococcor, of (V/ca , 

■ •Mcoadod oroo of t«it*C i*^), 

— 2 

• ovongo ndUaso of techirouad (W/c« . nmn4,}, 

■ MxiauB dtvUCioa itam ovorogo ndianco of bockgroiMd 
(W/ea^. ■cond.), 

K • rattga to tacgot aod backgrowd {cm), 
t • affocclvo traiwitaioa of f^^i 

thm, wboa tha fiold of vlow la dotaialBad by cha dataetor, ttao f«ak affaecitn 
pavar fraa tha targat oa tha dacaetor (t.a., cha dlffarawa io fovar with aad 
without tha cargat la cha f.o.v.), !• 

Ihia rowar haa to caaMCa in prodneiog « voaful aignal, with cha offact of 
cha ftuetuatiag ciMHiBinc of tha haakgroiuid*.iadlatioa. Tha total powar m 
Cha dacaator, fros thia eaw«aaaaCf tfp ia 

> o 1 
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o the wvefora of AT^ — uhlcb my M cIm rutiltHt of cw 

cofinnnti; (1) ovmitiwl toaporol wrUtlou of eha tecfcgroiBiri- 
tadUciOB «d (2) tiM*varyinB rodUtlon oo the 4otoctor iiliicb 
•rioos froB sMmilnB oeroos i^tUl tro4Uac« of tlw bock grw i nt — 

o tho tiiMl budwitfch, mni, 

Q tho 4oslro4 aeeuncy of tho woauroMac (oxprotood, for iMtaaeo, 
in foioo-oUfvroee)* 
hot • fraction ■ of ^t^ will bo offoetivo aa4 this aut not bo Urtar thoa r^. 
Cooooquomtlyi tho tartat con bo 4otocto4, if tS * 

■quatiOB (1> abOM that, foe a quaatiucivo dotoiBiMtiaa of tbo bocktrowd 
offocta, H'ttMC ehoraccorUtiea of bockgrouad-radiatian (boeauao of Aif^) 
^ tba apocificatiea of tbo datoctloo-oquipaaBt (booauoo of a) mmt bo 
kaDM. Vithouc iboao oaly ^uolitativo troataaat, aa follMOf caa bo sivoa. 

7.6.3. mall 1 11 III nilHIII 

lha lower liait of urtat*radUtioa, gkinn ia Iquatioa CDt aad/or 
ailowablo uypor liait of aM^ will bavo difforaat lomla U tho firo*dotoetiaii 
aad iMka-dotoetiea, roapoctiwaly. 

la eaao of firo-dotofltioa» oao haa to fiad a "poiat" aa larta aa a 
roaoliitioo olaaaat, ia a two-diaaaaioaal aaao^ly of a vary larga ai^r of 
^ictura-alMmta. Or, oao naa to havo aa ovoa highor aiyial nhoa aa uiocaa- 
taaaeua autOHtic iadioatioa of tbo owaat of baviat a targat dotoccod, U a 
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rtqalrtaittC. GoMtqutntly, tha •l^wl to ltatclttg«nota« ratio will htm to 
ba niatlvaly tn boc^ eaaaa. All cba atpw avalUbla at praaaat intfteata 
%Kmt aiifffrl^ntiy bl|h lignal to nottt ratio eaa be obtained. (Saa 1.2 an4 
7.3). 

Za caaa ol vafco-datoctloa, ooo baa to (lad d **llaa*' la a pteKOTC* Za 
eaatraat to a polac la '•Jtm provloua oaao» d llao baa d miqm ohapa tbat 
ITMtly faallltdtaa dlacrialoatloa (roa bddktroiad ("pactara voooiaicioa'*). 
Share Bight ba eaaaa ahaa a Ilat U ao m^ua raUtlva to the background- 
dtruotura that rodofnltlea U yoaalbU at an uauauaXly lev tivwl-eovllaitlag 
Bdlaa ratio. Of coaraa» raooipltlea at a vary lo» algaal"ta-aeiaa raclo re* 
^ulrta long tlae (aarrov baadwldth) (or ofaluatloa. da "taataataaaoua" 
Mteaaclc racopacim vaold p r eba b ly ra^uirad a aaah etroagar algaal thaa a 
poat-raal-clae attceeatte raeogaleioa or that danaadad vlaual avaluacioa e( a 
■ap. nid aajr aapaeUllj ba tha eaaa at the praaaat «hda thd arc o( aatoMtla 
pattam-reeogaltlevt la raUtlToly uadardavolepod. ifaa tactloa 7,1). 

<)ttantle£::.v« datandnatloa of tha effect of baekgrouad nolaa on detect* 
ebilie? reqMlrci dellnlte veluee of e^ulpwot paroMters aad oparacloaal re- 
qulraaeace lAich easaot be gl^rm at proeeae. fnm qualltctlve conelderatloaa 
It le eetlaatod ehae oo detrlMOtal baekgro<Bd*effeot ihould b« expected la 
fire-detect ton through direct path vlth e^ulpaeat of ieaaitlTltr vail vlthla 
the capability of the art. (tha effect of aaathar would be about the ease oa 
ur^t-elgnal aa veil aa oa algaal froa the baekgrouad.) la flre-deceetloa 
through indirect path aad la «ake-de tactloa, the aaaa eapoctatloa la aieh laaa 
foiBdad for lack of vital data, for thla reaaea, •ipecially, data oa back- 
ground aeceeeary for ovatuatlng the poaalblllty of Indirect dataetloa aad for 
trial dataetloa aa eugcaatad la 7,5, bo obcalaad. 
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7.7 Chotct of P»t»cttf ri 

k ^rtlen of this Cootraec involved JudgMnt «• ce vhothor oulotlng 
a^ulFMHC could bt appUtd to tho uci-tuorilU doetctlen problM. This 
aaecion providoa «n axMpit of •«•* of tbo work deao. Oatactor aataecioo ia 
diacuaaad bacauaa cha choica of tha baac dataetor for an IR aquipaaat ta aa 
art which dapanda, aora oftan than not, on poorly dafinad faetora, wharaaa 
othar aloaanta of tha ayat« ara «ora routinaly dafinad. k bciaf cowmc ia 
given* hart on a^ atata-ot'-tha-art in ainsU*ai«aiant datactora, and h) con- 
fidanca in pradictad ptrfatBanct of iMgiot dataetera. Un Appandis to thU 
aaetion illuatxataa dataetor aalaction and faaaibility aatlant«a for a^p- 
■ant uaiDS axiating coBponeata, for tina acannara, photography, and iango 
orthicooa. Tha ncbitra eaployed for taxgata and background ara aoawhat old* 
faahionad and not particularly relevant to preaant thinking.] 

7.7.1 Contopoxary Single'llaMOC Dataetora 

7.7.2 latarpratation of Irediccions 

7.7.3 Swary 

7.7.4 Appendix: Zlluatxativa Exaapla (Faaaibility of IquipMnt Deaign) 



7. 7. 1 C<iotamoorarY SlnaU-E lament Petector a 

It l9 auf ficient here to charaeceriae deteetora by aenaitivity only. 
Figure 7.7. La abova tha nbat •toaltive deteccora available in iiaieed regiona 
of the apectrw betveen 0.3 and nicreaa. Figure 7.7.1b 8h<w« the aenaitivity 
of a laxgt ntabar of deteetora reaponaiva in the region 1.3 to 70 nieroaa. [it 
ia not iataadad to diacuaa here ell the date ia the figurea but narely to nake 
it avaiUble and note that aoat of the deteetora can be obtained, although net 

1 




ligitrs 7«7. U - Most S*BSltiv« Ocsvetori • 0. ) • 45 Micron*. 
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40 M M 70 



Flgar« 7.7. lb - Detectivity ot Single-Element Detectori for the Sptctrfti- 
Region between 1.5 *nd 70 Microno. (CompiUd by 
Initttute of Science and Titrhnology, Univarslty el 
Michigan). 
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• Iwtyt t«M4Ut«ly. 1 Mots ihcc flgurts eovsT ^uMCia •« vail ch«nal 
dataecors; rh» ^(Mitna <t*tMrt9r« furthar include photetmlitlvt, photOfvoltaU, 
and yhecocendueclva da«act«iri. Tbaraal, pbococanducelva and phocofveitcic 
datactera eaa ba ptoduecd to foim an array or a aoaale. 

7.7.2 iBtararatation of Pradletioni Concamtna Putura lapravane of VldicaM 
toi tha fh$ taaioo 

ThU HMinph Incantft co aoipiMaiaa cna ouiiculix ot ojcinattag tutoro 
iayrnvwac and, of Intarprat tha preulctiona, without datallod data. TUii 
dif fUultp can ba typlClad by two quotatlona aa (ellowf : 

I) "Vldieon for tba apaetral raglon froa I alcrnn to 3 alcroaa can 
ba aspactad to ba awllaDla by 1964, with an awaaa nolao 
aqulvBlaat powor (NtT) o( 5 x iO'^ watts U unit bandwidth, ft 
raaolutlon al«MBt,** of aora th«i S n 10^ alMaata. <0«cvat DaU) 

. (tef. 9.7.1). 

2.) "A note aanAiclva amparlM&tal Infrarad photoconduetlva pick-up 
Cuba oparaclot on tha vldlcoa priacxpla wich PbTa tatsat (aanal- 
clva araa) hai an NIP of about 7 s 10**^ ^tt* la iO cpa baodwldch, 
par raaolutlon alasanc of 10^ alaaNBta." (ConfldantUl Data) 
(laf. 7.7.2). 

CoBvattlot thla lattar WP valua to a ono cpa bandwidth, ana obtalaa <7 i 10*^^)/ 
(30)^" « 1.2 X 10'^' watta /raaolutlon alaaant. Thua, a dlract eoBpaflaon ot 

(7.7.1) Paaalva tedlatlon Countocaoaauraa PaaalblUty itudlaa, U W(tM)*30. 
Tatk II Svmmry fta^rt. Part I, Rughaa Aircraft Coapnny, 12-31»*l,(l). 

(7.7.2) IUS» Vol. S, Ko. 1 (Sacrtt) p. h99, Confldontial. 
*Hada prior to 1960. 
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Utrwtnt. Hewavar, by (uithar convtrtinf-oo th« tett» of KIT a (ar«a 
•f rMOlvClea 9imnt)^'* mad, on Lht bfttli of Identical cart«t arMt— Cli« 



Mff of cb« futur* tub« to m H % 10^)/(10^) - SO c1b«« Ur|tr tMoluctoo 
•Immt, oM could coBport ch« Mrly * .porlMttCAl cub* with iho fucyr* tWM 
ott • aor* o^imI bottt : 

mr • 1.2 X 10*^'vftt[»/^f • 1 tpa, r*«. kloMac 

up. 

AttuBing now choc th« ouparlMatal tubo li, cho oao tho pra41ccleo hao 
btta tetcd upon <er, aiaiUK prodictlon vsitely ba batad upon), oaa alsht 
artlva ac tba cmluaiaa that blgb raaoliicloo la aspMcad to ba vary hard to 
obteltt. loHOvav, whatbar thia Kill ba eerraet or falaa It ant loMm. 
pintivc prediettoaa eoncarntot tha partoiaanea ol tutura tubaa ra^ra 
•Mluacleo of all kha partlaanc faetora inwoWad. 



1.7.3 Si 

A large varltty of highly developed tlxigle-eltBenc detector* ara 
obcaloabla. Spacial err«y* oi Boeelct c.«n be coutrucced. 

The evalUblltty of It iMge cubes, however hat not been survayad to 
tba level needed for high confidence in i.redlcticae regarding their future 
parfonMDce. Fredictione given in tha currant Utaratura ara of doubtful 
validity. 

7.7.4 A— BdH! iHyy>TTU"* «g Dtactor talactlea 

Surlog cba aarly phaaaa of tba atu^^ ualag tba virtual eaUttUtlaa of 
tha ''canonical" cnpfira, radiant power of tba caapflra waa aaaiaad to aaortt 



frOB the junf !e utth a less u«ivi w«v.«u>« ol various acc«nuactng wchutiM} 
of k«tM«i 10'^ and lO'*^. bcmtei b*i>mi on ch«*« Halt* vsn mU ct that 
tiM tod fttt rtpMCi'd bcri ds lUunCrritlvt of ilw doctctor ooloctloa procooo 
ovoa choufh fmonc chinlilfig ukt* (hm iMMvliai irr»l«Miit. ttio coUuUtlOM 
•ra for roqulroMBCi lor olrbucao il*Ktcilon at « poiot t«*doc whooo ndUM 
p9tmt f^, la 10^ vatta/acoradlan. with « 24Q0»K bUckbody tfoccrol dUCrtkv 
tion. Una aconoara, phocegidphv, ^nd laaga orthlcooa vara axMiaoJ. 

7*7.4.1 tltta^Scannar 
Ut 

R • aUftt r.ans6 fxen top of tbo Jiiu«la lo dotactov iem), 

• fraction i,i ?^ &n tha apactrmX ro|loa of 
datacilon tK, 

'ax* •fftrtlva cranamlttaoea of ataeapiioric fM,th 
In cha apactral ratlin AX, 

• "tranmlaiiaB" of tha< JuagU. i 

then iih9 pwar-danalty fro« tha targat, at tha apartura, (P.O. la 

(P.3.).--i^-4^ <i; 

whM a tMborClM apacul dlatrlbucleo of (t.0P } la aaaiMd. 

J o 

Za addition to tha altaalj radiation duo to mttttal Itlialna* 
tioa on tha top of tha Juotit:, will alao fall on tha apartura*. Hboa ehla 

Mcauao of tha apactral ragion «onaidarad hara, tha tboxaal radiation 
of Kho Jiaglo-top la nogllglbta. 



«Siif 



tllialMtlen U and the di(fu«« rarUccuitv of folU|« !• p.. , 

ehtB-*U • flttd of viow of *i »ttradioM— cho ovorot* poMr-doM&ty (roB 

boeksrvund-ndtatioa, (P.S. i. 

s 

(P.O. )j - lw.fc«"') (2) 

AO tho ovorogr "tff«cciv« rofloctiiif «ro«" vorioo with floH 
vftov, (P.U.>| will hAv« M BoduUted CdvpoMAC bocouot tht btckf round if 
bolBg tunned. u«notiii« wiib ■ tbo ntio of tht ru aoduUccd eaapoaont ovor 
cbt «v«r«g« powtr-doMity, ctita tht no baekfroui^")oltt, it 

t . • 0 ^ . « I ^. _ 
H, - . . i?.D.)j . - (w , tm-h (3) 



iTra K^uotioa il) tod (3), tht titntl-to-baekirotBd noltt 



S 



Tht ■txlaum vttut ■ con tokt It 0.7 whtn "fully rtfltctli^ 
ortot" tubttndtd by tht fltld of vttv and trttt "not ttfltctlnf «t til," art 
ctBtldtrtd tlttraatingly tctnotd to th«c a tlnuaoldtl CLM-vtrlttioa of cht 
PMr-dtulty rttttltt. (A ■lalra valut of • wt could contidtr htrt, it 
HiteH aot Micfa Ittt than 0.0S which would pt«¥til if tht tvtract rtfltetii« 
arta tubttodtd by tht fittd of vltw vailtd by tht ptak taouat of ± 7(A.) 

Iht tftctrally dtptadtat VMAtititt la E^uatioa (4) ara 0,9 
aod I andf tht eboiet of tptctral-rttion of dtttctiea thould obvioualy bo 
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three •p«ctr«l rei|iona arc rf«ion«bU. Theee art ehown lelowi cogsther with 
Ch« svctrally dependent quantities: 



ax 
1 



ax 



'0.4 . 0.7 



'0.4 • 0.7 



0.<iu • 0. 7u 
0.02 

1.90 

0.20 

C. 13 

1.00 



0.7u . l.lu 
0.14 

0.3a 

0.33 
0.69 

6.9 



0.9u - 2.Su 
0.64 

0.76 

0. 10 
8.4 

6.4 



In CAlcultcin« the v«luee of I^,^^ e 6000^ bUek-body 
cpectrel ditcrib-^tior. &tsta*d. Furthtraor*^ the vetuee of p ere "typical" 
value* based on the dtffuJ* reflectance of tulip leavee et "the wavelenatha 
of aaalM energy", (lef. 7.7.2) (su) foUowe: 0.22 at 0.6(1, 0.J8 at 0.93h 
and, 0.0S6 at 4.4w. C^oaaquenc Ij, llui •Ifevtive value of 0 • 0.33 in the 
ration between 0.7 and 1.1 microns is perh«p* the Beat raallaru; U eontiaac, 
elM values for the two oth^r regions sight be in arror by £ SOK ox asra. Of 
course, differaoces batweei the raflactanee of tulip laavoa and avaraga JingU* 
foliagt ara aoc Inown. To bo conaacvativa, atnca tha validity of thaaa aaamf- 
tioM ta ^aacioMbla, cha antira area subtaadad by tha flald of view, la taken 



(7.7.2) 



Handbook n1 ChsBlstry #nd Phyjiea. 
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to bt r«flKtin]|« althotish ^nly s fraction of ch« arta 1« cspvctcd to b* r«- 

At a tlant rangr of t • 1 Ibb ami with 4 . 0 7 " 
(hall woo 40^ ab«v« horlton), • 10*^ and • ■ 0.33, w* ftC, froa Iqutioo 
(4) cb« follovlni valuaa of 0: 



4.2s 



"0.4 - 0.; 



1.8 I 10 



0.9 M 10 



0.7 - i.i 



0.9 " 2.3 



Z.32 s 10 



2.8 X IC 



1.16 X 10 " 
1.4 X 10** 



With chasa la h«rtd cha charactMlatlca of tho docoecion* 
•fiiifMnt eaa b« dtfinad: 

2 

Wich AH afftctlva aparluco araa of 4^ ■ ^ ca' (D • dUMtar), 
xsd vlth a tCBlcosductar dataccor af 4j^ va^^ tba followiag idonciqr ■utt 

b* fulf Iliad wban a atcaal to dataccor naUo ratio of la ra^Mlrod: 

2 ^ 
^ . (P.D.)^ a (nr) . ^ . rroa hara, wttb Muxeioa (l), aad with 

0^: 55- <Bi> 



«• got: 



2 * /J 



'4X«,^ 



)/2 



(S) 



H • rU|ht-4lcitudt; In \m, and 
9 « (ocal •can-«nglc In r«4t«ni* 

Tbt aquara of cht rvqulrad focal Uatift# f la 



•D 

Proa Equadonft (S) aod (6) 



. n (ft) 



auf vith valuoa of 



*D *f> Vr V 



V ■ 120 kB/hr • 3.34 « lO'^ tai/aoc 



H « O.S« In 
c ■ 2 radlaoa 

n^'* • ^ » 10"' rad., |- • 8.3 and, with Si docactor iD* • 2 x 10*'; A^'^ (|)' 
0 ' 

5.1 X lO'^ ea in an r/1.2S ayat« (D • 0.<(). 



Out Chan obtaina 



• 0.» B 10'* ea (0.9 m) 

0.7 . 1. 1 



and 

f • la.C ca, D • U.4 em (3.7 iKhaa) 



• 0.5 « 10-* 



f « 10 CB, 0 • U.« i 
walnf PbS Macaccor for cha apactral ration bacwaaa 0.9 and 




2.i Hlcw..! (D« • J » JO*", {) • O.W) a' * « l<> t S.B 4 10''' CB - 0.11 tm , 
Thus, •vrn ll j JetKf ji smU «■ 0. 1 s U.! «■ U - 
chff rtMutrvd t-j* (j* • 0, U » >.$ » 10** •81. Oi, 

J • 9, vhUti cofi»(ltui«» a Htfn'f—Hbit ■viti^i Cotenfif, 
k«Mv«r^ P I tytcm vould rcquir* O.Bl (.a iquart detector and f ■ 162 ca 
which le an Ineractigable elae . Whan tha FbS datertor It Cwalad to the 
tcaHr'tu*' et' dry-Ua, D* ■ 2 a lo'^ and, 

A^'^ (|> - 2.2 « 3.5 a 10"^ cm • 1.27 x 10* ^ c« 
Thua, a 0.3 M s O.i s datactot required - 2.2 a 3. a a 0.S « IC a 10 • 

9 ffl 

«).• a 10* or 1 • 0.0: f « 10 c* aod D - 9 ca or^ 1.7 m a J,7 m date<>tor 
covld be uaad la an f • 10 ca, r/0.S6 ayacn* 

Coaaaquaaily, a aiiceaaaful datacdon can be expoetad of pcaeticoi 
•tta equlpaenc uilnc Si j£ cooled PbS detector*. 

7.7.4,2 For phoc^artphlc <l»ttctlon. v« ihould rtqnlre that tha deosUj 
of tha fiUi c«u«ad by Cha radlacton tram the fire, be n*tlaaa tha fof- level 
of tha aocc 4aa*« portion of tha background. So, at a fog level denatty of 
Oy, tha leUwlnt idanticy auat be fulfilled: 

lu 

nOj 0 lot 

iMte ■ tranaaisaion of fila occupied by target. 

• traniaiiaton of flla occupied by cho brlghtaet eleaonc of the 
background. 



7.146 




filv and. y • 



40 



iVfi»v(lM*>Mr ly^ T" • 7 leu 



and, iPt - n . <t) 



d«n»tty of th* tftr|*c*« «nd ok' chv brl$ht«»c b«rkcrouna««l«Mnc*f 

W* CM dtttnlM cM« •« follow*; 

X( ch« t«rctf( »ubc«nda, ac th« apcrturt, th« tvlld «agl« ot^ And 

tht b«ckcrounii-«i«B«nc •ubctndi i.^, in^ ch« uM|* SLt* of th« Urgtc !• 

^ 2 

e*«j and ch« iMft tigt ot cht b«ck|round tiawnc !• C «ttM ( It tht focal 
Itnich of eht eptui. 

Whoa eho cotgot rodiocM wtti/itond, thon cho powor-doMitx 
ftoB chA coffoc oc tho opO'Curo, 1* 



P 5 



^.2 A ,2 ,_2 



(1) 



Thoro, ' * D opcict) wich D • offoctlvo aforturo di«Mt«r In m. 

SlAlUrly, tho ^or-donalCT in tht UMt« of tht htch|«oiMd- 

ttoMot. la 

whtrt I| It cht radUatt of cho hackfrouad-tlaatnc la w.ca tetrad 



7.1*7 



e P r 



Asttaint itut 4^ ' tO'^ ic«»4. (la' >ubf nH«d arM mt a 
raag* 1 !■) and, wlrh (ha yfavluMCly uaad valiiat of Cj * 10 ^ 4 • 0 7 * 
10'' w.c«'* 0 • 0.22 and () • 2 X lo'^, we t«t - 4,4. 

Ihui, tcoo Equation (1), n • 5, wnan thf flla la davalofod ce a y ■ 0.7 aarf 

Dp • 0.15. Ptlnc a Ills .-ith £ speea of AS4 * 400^ tha ra^ulrad w^ura co 
raacb cha llnaat ^rtlon of tha 4ar«<.ty va. log axpoaura cutva at 7 * 0.7, la 

« 10*' MCar-eandlt-aocond • 1.47 x lO'* MCt aac vm'^ , CoMO^atlyj 



froB Equation (2) tha raquirad tkptfiur«-cl«a, T la 

T • 1.67 » 10 " y * f aaconda - 3.9 « r* x 10 * aacooda. 



a 



Zu «ftu«i lu luiiy u«fiu« the optical ayat« f&rac cha laat** 
alaa haa to bo spaclfiad. Wian thla la aat to aquai 100 raanlutlon«al«Banta 
and tha raSuU. ••>.-. i* ^i*. »>«4 mt, the taaca-sla* of Cha tart*t, 

• 10 * c»'. Than with • 10** , f • 10 ca. 

Ar an »ffM>ti«# •portura dlasatar of 9 ca, f ■ 2 and tha 
asyeaura tlfs* T • 0.24 lac. 

Ac a flald of vtaw of 44^ tqwara^ and, at an alrcnft* 
valokiby o( 200 ka/nr, 100 ka' can ba auiwyca in oaa hour. Iha roqiilrad 



lant>-MClen*caapanaatlon la about i M/aae. 



Vlch Infrared tilm, Kh< txpw*arc-t la* T,, !• 



I 



It 




0.4 - 



0.7 



wh«r« S,- - ASA •ptffd of IK flln 0.95 X S 



0.* - 



■J. 7 • 



> T, 



0.4 - 0. 



could b« expected. (Ue do not glwe here « niacricAl value for Tj^ because 
Pjl^ bee DOC been deteramed). 

7.7.4.3 With aa fffri* '*'t*'**"i iMM-iHualnaeioa of 6 i lO'^ 

.2 

w.'ca v«u Ira <wi«l «ut vlth a •igQal-co-no««o ratio of about 26 uhaa the pre* 
a^Ufier'a noiae is 2 x lO'' aapero in a 5 NC bandvidth faee *'&ucv«y and 
EvaluatiOD sf PhenoMoa and Techalquea In the Ultraviolet, Viatble and Sub- 
■itiiaetec ftetioa for Application to Detection and Aetroaurveillanee" Geo- 
phyeica Corpotmtion of Aaerica, Bedford, Maaa. AF 19(604)-7412. rinal taport 
Part 1, p. 276. UncUcsiflM, 1 July 1961]. 



prevail Im ati F/2 aystfla. Conae^uentty, a iicnal to nolao ratio of 10 can 
be had in an tti.i lyataa, a bith enough value to penit the roadouc of a 
• iatU reaolutioo-eleaeat. However, the 45* square field of view specified 
for phototraphic detection, auat be decreaaed by a factor of 10^ a (2 x lo') 
5 assuaing that the iwise orthicoa has 2 x lo' resolntioo elsMnts. (For 
phototraphic detection, lo' resolution elsMnts and a target- Imga of 100 
reaolution eloMnta tfere specified.) Thus, ivge orthuon peniita, in 1/60 
sac (real tlM) Lhe aurveilUaee of one fifth of the area that it U pesalbla 
to record by the photographic aethod with 1/4 of a second sapoaure-tiM. 



As was prcvlouily found, this level of iUuaiaation would 



KMUution iif higb«( wttiiicoii •urvallUMe rates, bdiMvar, 
voi'ld r*qulr« ch« •ImitAiwoM uat of, for inscanct, two ctmmtM to eovar 36* 
Uttrtl field •n'l, on IncrM** of tho fUghc*ep««d by a factor of about 4,4. 
A dlatlwt advantag* of tha iaagt orthicon la tbat It allowa a raadout in 
raal tU«. Moraovar^ thara aay bt aoM advantage In tbat paTioonal around 
tba caaipflra would, p<rhapi« be Icaa concamad over fNiaaage of blgb apaad 
aircraft. 

On the bcaia of such inlrlal eatlaatce It was coocluded that 
a good possibility seened to exist of detecting Che radiant power froa 
2400^ csKofirei at wavcUnvths Isss than about 2 nicrons at night whnn ch« 
natural illiainAtlon was not foore than that froa a half ooon at high alcva- 
tion. Any of four equipBsnts; 

Totavlaloo case re with laaga orthicon ; 
Photogrephle eanora with ^nebroBiatlc fila; 
I4na-seann«r with 81 dataetor; or 
Uno-acannar with cooled PbS dataetor; 

■Lgbt ba apioycd. 




SKTZCN S 



Only « Bodctt asounc of effort Km b«*n d«voe«d tw r*>W. •pirliMtitMt 
In tki* scudy. This h«(»i>«o«d for eve r«aaeas: (irct, AIM pU«u4 • full 
ilMimiTTiTinn of tb« capabillct** of ••rvic* •fulpamc* to bo folldNwd by 
« oy^ssrA. viut ..^AoquOBt progm pl«oaiat: ••cmd, amy propotaip (rea 
iaditPtry v«r« oxpoctod «cd i: vai ptinntd to crlti^t choto la tho ftudy. 
Tbo fUld doHNittratlon was aoc up »«v«ral Claaa but novor actually CMmm 
off. Only 0D« proposal (KASS) was foxvsvdcd for eoMttt. Hhtchcx otbors 
mr* tocolvod la not kaoim. 

In tii it Soccloa temm cammnf arc |1v«a oo aatl-pocsoniMl radars. A 
erltlfuo of tb« r*S$ proposal axtd a sugsaattd axporlawncat progrsM is 
Mitttftad <8.l). A •usg^«>'M uperoaeh tc the u9a of radar aftalnat aabushas, 
coaBtBCa o« aappint with radar, ara t^vaa la ((.2). 

eanwm 

t.l raroouMi uatacct«« 

9.1.1 SarYlca Iqulpaanc 

•.1.2 PASS Propaaal 

S.1.3 CrictVM and Sttg|a*t«d Prograa 
1.2 OtbvT Applleaclooa 

•.2.1 AttCi-Aabuab ladar 
8.2. l.t Gaaaval 

•.2.1.2 CaavaBtianat IBX ProblMS 
•.2.1.3 Pulaa-Na^ulacad Dollar Tacbalquaa 



8.1. 



SHU 



CCWITCT S rContlmitd) 

8.2.1.5 Suwrr 
c.i.2 bd«r Happing 
8.3 Swury 

S. 1. fcnonntl Datccttow 

8.1.1. Sacvlea fqutpocnt 

Currant Bllttary eoaibat vurvelllanea radar throush 1959 ara 

dlscuaiad tn a fpacial DDItf MMrandw (raf. 8.1) of chiaf Incarasc 

la tba MB/fK'U (Silent Sancry) ancl-paraomial radar Hhoaa charactar< 

iatlca ara glvao in labia 8.1.1 balow; 

IMtt 8.1.1 Chatacurlttlca ot AH/TW^ 
llgh(val|hc, portabla pulaa doppLar (Sllanc Santry) 



Iai4ga 


Paraonna 1 > ISOOa. vahU Imm -SOOOb. 
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Km % 5° 
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Sbaa taca 


■an. In ranga hxl alav. 


eiav. 


900 CO 600 Bllaa 
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8 VUch 


6.5° % 6.5° 


Ant. 
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Earpncaai 




Hgt 


tt5# 


Tr ana port 


Manpack 2 «an 


Frlaary Power 


125 watta 



8.1 UaiMtaia, A. at al (U) IPT&g Ilaetrowlc ProKta» « r^i-^— ad with 

Coi^at SurvatUanca 17 Harcii )960 
ODIAI MMraadiM (llactronici) Sac . 
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A '1UnSh«urcntt-ii«r«'Mmv) radar It being developed at I«4im 
Stsnal Ub»rat«*ty (v-ontacta: Harold Tatt; VieCor L. Fredericks). 

The AM /TPS -A la beinf tested In clie far Bast. The first test 
(ref. J.l) «se ui»«atlsf«ctor)r, reaultlni in no personnel deteetion. The 
resvUs of subsequent tescing are not knovn to the Cenrracc<«r. 

Ilnre a light •portable radar uould be useful for protection of 
pativle, and in setting aaibushek it is suggested thit If, as If fairly 
likely, current T. 0. k t. equipoents are not satisfactory for one reason 
or another, coasideraole effort be expended to design and procure ••tie* 
factory «s.tr-*— • 

The Aa/MPS-29 rider {rtf. 8.2; L» an experiaental, vehicular 
transported, ground survelUanee radar designed for high •resolution visual 
display of ground targets at short ranges. Thsrs Is an operation van, 
•nteene trailer and p«wer unit trailer but this is because no etteapt was 
■ado to reduce sise and weight given in Table 8.1.2 below; 



labia 8.1.2 Characteristics All/MW-29 



llectrical Charactsristics 



frequency 



70 Kk 



Pulao Lcagch 



O.OS aicrosecond 



Peak power 



15 Km 



Pulse repetition frequency 



9,990 eps 



Veve length 



208 volte, three-phase 
100 cyclaa/aec 



12 Kv-e 



2« volts, OC 



Mas load O.S tm 



t.2 



(IT) Ivaluatloo of Concepts and Techniquaa of AH/m.29 
U.S. Ansy Infantry Board, Ft. Beaning Juno 1961 (Coof.) 



(AD 324 43a) 



I 



Mi c 1 tt tlon Ch«T ict» rtittct 



0.2* O.S aile) 

0.3* (S.3 «iU) 

20/«cant /••cead mcmI 
40/seans/s«c eapabtUty 

X* (150 b«n wUtb) or 
534 aiU 



Cl#v«ri>w b#«i tfldth 
Sean t*ccor 

Swuitlvitr Characf rutlct 
Aactniu s«to (iBcludlat 

Aa(«on« loi*«* 

Utv« gulda loitst 

nan (lL-24) 

rraaralcttr (11-221) 

ttcalvcr noi»« fi|ur« 
(ffbilco 18 db L*S506 
erystaU * • db IT 
l.r., QK.369 KlyscroB) 

0CIIT Characfr ntlca 

licvadoa aagU 

la J«« atak&oMry CtfMK* could only b« tetoetod la tbo 

•MrckliSbc Mdo. Movtog torgots mn !ococod ad IdMCiftod rolUbly 
•c (ho followlot roagot: 



H.7 db 

2.3 db ux 
0.4 db 

4.i db MX (2-i#«r} 
O.S kv 



+ allr ttm horlsontol 



Truck, 1/4 too 
t^uod, aovlflc 
Qtao ooa, ruaalnf 
000 MO, wo Iking 
9m mm, crovliig 



Boot* 


Ototcrf) 


MnlM 


Ifiali 


(200 


50 


2000 


SO 


1200 


90 


1000 


SO 


Undotoctod 
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The ixT9 ttam tUi trajectorjr and high anglt ltr# waapMt, racludlnt 
99A11 jmi. w.i' tented istitfietertly :s 4300 wters. 

UhlU chit perforMACc look* |oed. there were • puafeer of 
JlfficuUUf vtch tisplay interpretation and In are* coverat* Coata 
ooraoMwl wre :.>c detected eat lafac tori ly. 
8.1.2. nas rroooeal 

Oa 14 Deceafeer I96K Conductroa and AiitBaatrtc Corperotiona bmJo 
a Joiot proposal to AKPA for a Fartliao Airborne Surveillance Sratai* . 
(rcf. 8.2) The lyeieM operation wai to be "baaed on a epeclalised fine 
recolution coherent radar vltb airborne aignal correlation to produce 
excractable eignalt (ran |roupe of mo carrying Moderate piecea of equlpwmt 
in denae jungle." 

On the betii of a ai^lified aodel of rainforeet a* a eo^lex 
•cattarer and abeorber, and on the approximate croaa^aection of a nan 
r&styi:::.; 3 rifle, the appropriate wavelength of the radar waa detemioed to 
be about 1 aacrr, and power, aperture, and. leniitivity requirenenta warn 
defined, leading to a prellainary dtilgn of the tyite*. 

A propoacd accelercced developaent schedule envisaged syates 
Integration propagation experlaents, equipnent design, asseably eonponent 
teats, aircraft ^Ificationa, inataUation, and (light tests carried on 
ceocurreetly in the first twelve aonths Ln an asaentially "build-it-aad-try- 
it** prograa. Oparatlcr>sl teats, on thia achedule, would have begun in tlin 
(ourteentb aonth and have been concluded in the eighteenth wmch. 



•Vith proposers' peralsaion ihia proposal was forwarded to OBC for ev«liMCim. 

S.2 PASS Technical Propoaal A>n3/CAA-«3A AutosMtic and Conductron 
Corporationa 14 Oeceafcer 1961 



• .1.3. Crttlqu* «ni SutKC»t>d frotr— 

At A&PA's r«^u«st Che proposal was crtttqua-«d by DIC. A aMtlne 
ua« Kald St KtTA on May 7. vlth CoDductrca to diacuas th» piof«»*al aad • 
•ug|**c*d aUaruMtiv* profraa. 

It was avidant tnac cha mceaas of the prepoaad projacc dapandad 
oa r«aoluti<n of many factors uhleli vara not wall known. Wharaaa tha 
proposal , in cha incarcac of a aosc axpedietoua approach pUnaad to build 
aa a^uipoenc and flight test It as rapidly as poaaibla, tha autgasead 
profTM was first to rasolva tha Mjor uoeer taint iaa by fairly aiapla 
apnrlaMita and cbm to procaad with davaloping n«w tquipaant If azpari> 
■ntal results Justifiad this step. Ihia prograa was agraad to by ARFA and 
Cooduecroo. ia el this dace the prograa haa sot yet been funded and it ia 
sec laoim whether a report on target tad envlreiantal coadiciana-ta the 
far t^at faea been prepared aa en input to the progra. 

SoM of the aajor uaeertaintlee la the M8S Prepoeal are lie ted 



belou: 



1. At&KPMcion oi I mmiut wavclangth radiation due to juag«a 
growth la aaauaed to be ee^ardbla to that due to weeda 
to'Mi ia the aortheaatera U. 8. Slaee Jungle growth le 
geaaraily nore dense and enotaiaa aore aDiature thia ia 
quel tlonable. 

2. Only tree trun^u are aaauaad to be large baekgrouad target a. 
iMves aad braachea are aaauaed to be layleigh aeetterer aad, 
heaee, ant iaportant. Many braachea of tnea ehoald be 
enpectad to be ce^*er^U to the 1 aeter wavelength la tUe, 
and therefore, aignlfleaat. 

-•.6- 



i. TTt«« ait •*»iMd CO hm conHnad to slnst* ratoluClon 
• Ic^ncs (3X3 attars). Bte«u«c the tree*, «• by 
cht r«d£7. art txctndtd In rtngt. tfid brcaust Char* la 
nuUlole icadir (rarti culai 1/ «lth tha ground) tha tfttttf 
of a Urga crat can bt obtarvad in a larga niobar of raaolutiOA 
altatncf • 

i. Accuracy with which aircraft /eloclty awtt bt Vn-^ It 
said CO bt aatait/tac. During Cha aatablithaianc of Cha 
aptrturt. cht ground can "vevt" iO aw(.«i» wiLli twapacc Co iCa 
istjin«d !oca:l.^r.. [7>.t tfftct ct this could net ba axplalncd 
by cht Conduccron ptopla at thi Hay 7 aaadng. J 
5. Tht problad of dottctlng novlng cargaca waa noc taclifact> 
orily eovarad. Walking nan can ba axpaccad to aova through 
J faw raioludon call: during .>baaTvatiofl. 
(. Tht prcbltc of clucttr Borlnn bacwttn lookt («lnd, ttc.) and 
tha tfftct of Mltlpla acattarlng on cha raaultt whan flight 
patha are not repeated preclaaly la not covered adequately, 
tl-oy other pelntt In the PASS propoaal could be argued, but thaia 
dapaod ao auch on f acton baaically unknown that the arguatntt would ba 
gfr*fTlf for axas^la, while one sight take aseaptlon to falte alam and 
dacactlea probabtllclaa aaatsad to be uaeful for gaining lnfoniatloft» tha 
fva«K uaeartalaty aa to tha achitvablllty of any uaeful eo^lnatlcTi ci' 
falM atan and datastios probablUtlaa would rtadar any arguaaat acarlla. 
Uif darailad coaeam •bout aap aateh^ng, ate. , aaaM praaatura. 




Tht SMU«tC»a tntttal program involved: 



c. An txparlaant wh«i«;ti •i'.»iwt«lLtfn <il tranvalislon fro* an 
cicv«e«d pUtfoTci (C0w«r or cliff) Co • r«c«lv«r on thm 
tTcvni in rhe jungle is at«turcd. A r>«i«uuably larf* 
• Itvadcn anflc (^15^) vould b* dMlrabU Co avoid having 
to pamcracc too such Junglt. 

b. CoBparablc wacuroMntt with ochar typaa of vriatation. 

c. Ntaturaaar.CB of Juaglt en^onencs (trtts, branchtii acc.) 
on «siaciiig ransM, If fcaalbla. 

d. Ualng rtaulca nf a. b, aiv* t, ce ttciaatt th« aagnicude of 
cha aultipla icaccaring problas. 

a. Study of apaclal and taaporal elutcar vartatlona. 

f . Data cellaecioB oa tha nature of tha Cargac, what ha carvlaa, 
hoH ha Movaa, ace. 

g. Coiutruceien of rapraaancatlva aodala of tha target and back- 
ground and MaauraBant of .radar ebaarvattona of target and 
baekgrouad aaparataly and 'together. 

It waa alaa auggcatad that, ainca gueriUaa were to be found la 
■aojr eavlroamta other than deaao juagle, 

b. Ksiating alda*looklag aqulpaanc ahould bo aiiployed, concurrently 
ittth above progrea agaiaat auitabte target! la leaa troableeeaa 
and «ell-kaaifn anvtroBaanta, tfich progreaalve iacreaaea la 
difficulty of the detecclon problem until ablating equlpMnts 
failed to parfona. 

^.0. 



flMlly. tf«ptndlRt on ih* ouccom of tlw •ectvltlM tfttcrlbod, 

it «M •lltg«tC«4 th«t, 

1. A tttdjr ihMtU ^ Md« to 4«t«rMio« If th«r« 1« • dttsction 
•■d ^roctasinc t«cluiifu« ulitcb ta e^tioMi lot- aMliag with 
CM tar««c aatf cluttar wdoU drr«lop«d. 
J. If Um MMwr to 1.) MM offliMClvt, thtu, doroadloc on tho 
•icvatigik oc C)M tiao aatf Uo coot of oyotoa 4ovilof«ont| • 
<o¥Ol u p«a u t ^rofraa obooM Iw otartod. 
t.a* OtMr AooHeot<o<»» 

CoMldorlot •oaa of tho altuatiooa doacrlkod tn 2.3., It «*«m raaaon* 
ofelo to la^ira vtetlior radar can M uaoful in aa^ah aituotiona, in outpour 
protocSUfit atainat ground -ftro at holleoftora and atrplanoa, and in dotaetinc 
traila onri corridors (banda of lowor greund^crvar donaitjr) under danaa eafwtpy. 
1W flrat tkroo ^aikilitiai art diaeuaaod undar tho gonoral hooding of anti> 
a^vth radar (1.2.1) and tho lottor uador tho haodiag of rador Mpplttg (0.2.3). 
1.2.1. toti'O^nah Bodar 
•*2*l.i. Oo»ara^ 

flM hMlc notloa io to Mho avatlaklo ooabinad radar and 
flro-4 tract lag a^ylpaaat Mhich wouM ffalftll tito tactical ratulrooant (to 
(ira fcach ^tckly and aeeutataly vkaa Mfciiahad) diieuoaad la •occlon 2. 
AU to particalarly a^iMoatad (or road eowroyo and haliooptara, and ^albly 
(at lav*! lyiM olr^laaaa and avoa for tralaa. It la probably only ooolUablo 
ta OMb coaditioM idMa tbara ta ooat o|ion apace bocvton tba aabvihad tm>9 
and tba aoiirca of lira, lha probloa baa baoa trtatad in tavaa of rtf la (trai 
vbtcb ineiudao too laaa dlllttnlt caoa of autoMtie vaapona flra and aoaa 




di«cu«*ijn ot mowft tracking hat alio baan givan. Ma actaactan baa baaa 
ilv<:. :« th« th^ <;t*>Mita*.i*ti» •^viyMiil nut tlaiaitad prablaaa 

of dtttpt of a^uipecnc Ci>r alrberna uaa. 

Xba aajar advaatata ol tiaiot radar in a aittiaclan af 
aabwih u cha a^ad and accuracy vlth which cha aaurea of flra can ba 
K^cascd. Vjt» can ha acaanad aaay tlMa laacar than by aya» for aaMpla, 
«aa tha radar dacacca tha buUat which la alwayc praaant rachar than cha 
tBoka or tlaih or cha aecual lun. aaeh of which can dallbarauly ba aada 
dlfflcblc ce dacact. 1^« radar li alao eapdbla of rinsing accuractaa nueh 
graacor than cha unaldad aya and caoparabla with chat of caaga tlndara. 
Ciha radar addlcleoally cauld dataet tha cawaKarfira and chua aarva aa a 
ttibtcltuta for a apattar In taao altuaclena. for choaa waapooi not eostrollai 
by Cha radar. * 

8.2.1.2. yrabla— of Cawvantlonal Wit 

Xf tha bvllac aa an laotacad cirgat wrt all ctiae cha 
radar had ta warry abaut. cha prablaa would ba ralafcivaly aaay. aa say ba 
aaan fraa torn alapla catcutatlona. A* an axaopla, ceniMlai an Z-b4u«d radar 
(•. ■ 3.2 ca) with a i ft. dlaaacar dlah aacanna far datactlng a ,30 cal. 
b^illat at a raaga of ena half aauctaal silt. It tha bullae la approKlaatod 
by a 0. M** dtaaatat a^iara, than cba racio of radlua Co wavalangth (aA) la 
ab;-jc 0.1 and far %/'K> 0.1 a radar eroaa-aaatlon appreslaataly a^ual ta tha 
projaccad araa, »r about 0.03069 ai|. ft. aay ba aaaiaad. Tha aacanna haa 
aa araa af 7.1 tq. ft., and at 69t aparcura afftclaney cha affaatlva araa 
la &.2S it. , with a gala at X ■ ).2 em of 3)70. Tha attanuaciaa bawaoa 
srAajslccar ao£ target 1» thaiafura; 



•Nartar lecatera bava kaan In axlatanca a long claa and currant aedala 
■ay be aatlafactary. (Sparry WQ-10'[ 1932}) 

••.IC. 
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A coavvtttloMl SffMch radar, ualng 1.0 aUriMccMid puUM, r^gtret a 
racaivad titnal el about 123 <lb balm I watt to dttact a ttrgat; thua, 
tha atauMtf radar iwada only 1 kilowatt paak puUe« n« <tataet tho bulUt 
a: 1/. aiit raii»a. Zncraaainf th« raaga wouU, wf cuuraa, incraaaa tha 



tantiA or iticraattnt the tar|at croaa-aactlon la.f. , conaMaring 20 aa 
canaea prA*»^*Moa> will raduea cha raqutroMnti. Obvloualy, if radar 
racaivar neiaa %.«ra tha oaly probloa» radar raqulroaantt for dacaecint a 
bullae aro not aseaaaiva. 

0aXA;;suBatal7, li« tha aabuah aituation, tha aouraa of tha bullae 
ia eoncaalad. if at all poaalbta, uiing all availabla tarrata faaturaa. 
Katbar thaa caapatlaf agalaac racaivar aolta, tha radar ratyra frea tha 
bullat 1« co^lataly BttU^d by acheaa fro* tha abrreuidlnc tarrala, whteh 
say be S?-:?? tt* abjva the echo stran^th of tha bullat. Convantlonal MTX 
rachnlquai. wtiien isay p7!n>lda up to 49 lb lub-cluCtar vlalbiXiCy, Juat don't 
prewida aaoufh parf oraaaca to do tha Jjb. 

3.2.1.3. hilaa-aodulatad Doaalar Tachaiquaa 



aaalyalac aad iovaatigattat C-W radar taelmlquaa. Za apica of tha obvloua 
advaatataa of aaaa of dlacrlalaatloa bacwooa Mwlng aad f Uad tariata and 
tha capability of diract valocity MaauraM«f , rh« c-H radar auffarad fras 
m iaabiUty to dataraina raagd or to haodlo ■ulttplo targat aiMiltoMoualj 

•Saa, fcr awpla, Kldanour, "ladar Syacaa laglnaaring", Vol. X, m 
ladiatioB Ub Sarlaa, IkCraw-lill, p.lS4. 



paak poMtr rtq^iroMnia in aecordanea with t^, but incraaaing tha pulae 



During tha aarly mO*a fulta an affort waa axpandad 
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vith.x:t .llff^cultv. Severs! sjduUtlM testmtquis wc« lnv««cis«i«d to 
coafc«t cht«e oit'flculciti. and one of rht mtt tuccciiful vat the ut« of 
oo-off k«jrin|. The cech!«lqu« «M> described puUe-^oduleClon of • 
dwppler avftew. rather than a ayataB uf proeeaslnc doppler Inforsatlon 
f4MM a puUe ayf.ea. Fundaavatally. the aaehod craJaa Che «aaa of tariat 
rcffnlutton of a pulse XTX aystu for the epp^rtunlcy to daalin ftlcera 
witea aupreis wade* i red sreund clutter In a near optlaua faehion. 

The one Bodel of a pulae-BoduUeed doppler •yete« 
brou|ht lo a proiucc stage denonstrated a reduction of gcouad clutter 
la excess oi cb Operating vith ■ tingle target it was able to detar- 
Bioa range to about IX of ooxlaua, but it ^dnerated a confuted ditplay 
vfcen there vas aora than one target in the beaa sisiltaneously. It 
suffered, coo, froa the 1940 state 'of* the -art vith reapect to crystal 
coDcroUed sicrMave sources. Since there were very few situations in 
I 19*5 where the JfTI •y'tes* mt prove satisfactory (an aircraft in 
"tr*«e aountaioou* terrain was the outstanding esceptlon) and since 
range retoiutieo becsM Incraatingly inportant lu iircrart detection and 
tracking, the pulte doppler tystCBS war* not puriusd. 

The buUet froa aabuah, however, presents s situation 
q.ltc analogous to that for which the pulse doppler shewed outstanding 
capability. Usual ly, there 4ill be one to, at aost, a few targets present 
aiailtaneously In the antenna beas, but the ratio of clutter to target 
atgnal strength w(U be extreaely high* The stai»of •tha-art rsgardlna 
techniques for genersting crystal •controlled aierowava power has cose of 
age with the advent of translators, varactor ■uteipliera and traveling 

op cit., pp 150 at a«q. 



w«v* anpUficr^. Ptja. It Jippcar* that Mrlwii coaaldaratton thoMld b« 
glv*n Co posctklf •ppUeatlon of chait ttctmiquti. 

A bu!U: xravz:i&4 a: fc/s<c ganarata a 
4oppltr fraquancy of 40 kJlocTcUa whan tha earrtar frt^aney la MOO ae 

• 3.2 ea). At chit earriar fra^ancy tha capatlcloa rata ahouU 
prafarably ba pla«ad abow cha dnpplar fra^aney to allalnata valoclty 
daad at aarhapa SO-M kc to produca an unaablguoua raaga of 4 i.6 • 

1.1 alloa. Any hlthar earrUr would raault in althar too abort an uoaa* 
bifUMia rasga ot would hava a vaioclty daad tona that alght ba troubia* 
aoM. Oa tfcv achat haoJ. If a lowar ca.-rlar fraquancy vara cheaao cha 
a/\ far a rlfla bullae would lla balow 0.1 aad in tha ragion of Kaylaigh 
seattartng whara tha radar croaa«taettea bacoaea auch aaallar than tha 
prvjactad aiaa. Hia dacraaaad earriar would, thorafore, inereaac tha 
powar raqulraaanta aa wall a* loeraaalng tha antanna araa raqulrad for 
a glwB aataaaa gain| Ihua, tha Iftlttal aatiaata of Z-band utility 
appaara Juacifiad. it aay ba aetod in paaalng that a vary high antaona 
acu rata aay ba a^loyad with tha aalaetad high rapacltlon rata without 
i.Asul>* isenaaiag sha acaaaiag aslse. rreilslsary calculations Isileate 
ttMX. lean rataa aa high aa scvaral huodrad dagraaa par »aeond can ba 
r^Ioyad without unduly coi^llcating tha problaa of rajactinf ground 
cluttar whila atlll paaalng the aovlrg car^at. 

Tba r»qulr«aant for cryatal control lad alcrowava powar 
at I-basd can ba oat with a coabLaatLca of lolld atata anpliflara and 
^ttlpllara, with a travallng wava tuba or klyttron for a final aavllflar. 
For au^la, a 5.8 ac ciyital control lad traoalator oadllator can ba 




foUrwad by thr«t tripUrt «nd « poMr aapUfitr ;o provide 10 watci at 
k5t-6 BC. Thi« pcMter drive* a chain of varactor ailtipUara ceniiaclnt 
of a cripler. ruo doublert. and a qulntuplar which ganarata auccaaalvaly 
3 vatca at ^70 sc. . 1 wactac MO ac. . 0.3 vatta at 1880 ae. . anH 30 ■» 
ac 940>} BC. TSa poMar output troa cha MUipiiar chain ia aulficleM co 
drlva a cravellr^ wave Aiytttvn tube which will produce ;ha 3 kw final 
power output. 

A Ion( prrfl:ter.ce TFI, poaalbly incorporatiof a atoraga 
cuo« for longer pertlitascc is suggestsd for viauai <ii»vley afd poaaibla 
Manual override of the fire director. In operation, either the entire 
asisich or the auspeccad aiiauth aeetor could be examined by the radar. 
Although on any particular acan only a portion of the rrajectory ?f a 
bullet mlftht be obaerved. the obaervatfon of aeveral •uceeaalve trajeec- 
orlea could eatabUah the ■aataua range ac whu-ii a bullet waa obterved 
and the aslMith at which this ranfe occurtd, thus Indicating tha location 
of the origin of fire. 

Another feature that would probably be of great utility 
in thla radar ia "Monupulte Resolution laprovanent", wherln a aott^lae 
(stMiltaneoua lobe coi^frlfen) antenna feed aid circuitry art arranged 
so that, on the display, an echo la displaced in asiaaith by an taount 
e^jal to the ■easurad asimith error at the tlae the echo it rtctivtd. 
Although of lialtod uaefuloeas In a altuatlon whart aany ttrgttt art 
prcttnt, the mi feature here sheulJ provUa a criaptr, thtrptr dUpUy 
■bich tllwt tilt targtt tciaith t« be eeaswred Mrt quickly and teoirtttly. 
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T« •uMirliv. I'Mfi. a tmiAilv* itt &f radar parvacart 

is aa follMii 

Frv^uaiwy 94C0 ae 

Ptak Fawtr Output 3 li« 

lapadtipn rata SO kc 

Pu*.ii^ Icnfth i f lae 

Duty wye la 0. 1 

Avaraga powar ?O0 watta 

A'ltanna tflaMtar 3 faat 

Antanna |aln 3370 

Aatanaa baa«tl<'tii 2.4 dag. 

Attauth aeaa rata 360 dag/aac 

(cr 1 iav/<ci} 

Haxiaun display ad ranga faat 
Ranga accuracy 20 faat 

Aalaiih accuracy C.3 J«a 

ftanga parformanca C30 cal) 4000 laat 
$ub-cluctar visibility 90 db 

Tha abova radar was daslgnad apaclflcally againac .30 
cal rlfla flra- Zc ta obvious chat iha sana radar will datact fira froa 
largar anu (a.g., 20 as caonoa to 6300 ft., or 73 raeoillaas rlfla co 
12»S0O ft. If tha rapatldon rata Is changad^ but that it would probably 
not work too wall against aertar flra bacauaa of tha low radial valoeity 
at lauaeh aad tha loftad trajaetorlaa flown. Howavar, tha ranga parforwai 
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fit rhff r«dir it certainly ampim tor dotactine ch« aorCAr shall in <Ul(ht, 

«nd th« potvibuicy ot M addiUoMl opmdeiMl maim should be atrloualy 
eeiitld«r«4. 

'fh* •«•• radar could b« conatructad to da-.ccC aortar 
(ira b)' providtns co^ltta cracklnt capability for eha anctnna. If 
aaeeaaary, tha dopplar taatura could ba awlcchad off. or at Uaac aodlfltd 
to allow towr vaioctty car|ats to ba driacttd. Tha •acaima ba«B could 
b« olavatcd eo raduce cha ground cluttar, and than aac to aaareh rapidly 
tr. a<i«uch until a aortar shall la iataccad. Tha baa* would ehra bo 
poiacad at cha cocracc attButh, and artAnttd to track auloMUe«lly th« 
oast aha 11 chat paaaad through tha baaa. Mroa tha trajaetory dattmlfiad 
by Cha track, cha point of nrlfi^ of tha ahatl could than ba loeatad. 
8.2. I. S. Sunaar^ 

j Tha praeadlng prallniiiary analyila haa aarvad to 
indicata an araaof radar art that could prova highly uaaful in eartaln 
tpaclaliiad eoabat situationa. HoMvar, additional analyaia la raqulrad 
CO dottOAstrata tha valua of tha auggastad approach. Tha prallaliiary 
ayatca eharsecarliClca outllnad abova. (or asaapla, provlda a bllrd 
•p«ad of about 31U0 ft /aac and a blind ranga of 9600 (c. 

Slthar of thaia aay ba ralaad and cha echar lonarad by 
changing cha rapatitlon rata, bnc to ralaa both will raqulrc lowarlng Cha 
earrlar fraquaacy and aaer If Icing radar parforMnea en bullata .30 eal and 
aaallar. Yac lAaa It la ceaaadarad that 150 gr. .30 eal bullata ara aoM- 
Cinoa flrad with auaila valocitla* aa high aa 3500 ft/aae, and that tha 
5' m and 75 rereliltss rlflas 3. -4 &ff*.s£iv* 4«ua«» (.«# 2 ailaa, 
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It li obvlou* :n«t «c Iratt fom Gh«ng«a in cht prttlninary ipself luttoa* 
•:.ould b« ccnsidvrtd. it tt lapartant . tharrfort, that thr antirt tptctrw 

v7;,<-*'r{S «tui. be c>;ssir.£j thoro^^hly la grdtr Chat tht eoaproaiMi la 
pcrfamnct art chotouthly undaratood. Howavar. it la «iip»cc»<l that 
raaiaiMbU c«Hpro«iaaa can ba obtainad u»on datallad asaalnatton of cha 
:-rc>biait. 

D«t."iri.vff H«r* ,f cbtAlacd r«tat>'d«i(a ^m* iw^nicuda 
el cluttar cipactad undar cha antleipacad oparaclnf cowllllona, and (ha 
Mfnituda and frt^uaney ef tha teannlni noita txpactaii undar cha condlciona 
Af hl|h rapacltlon rata ano high ipaad aeannlni. Although the ealeuUtloni 
ladiettt that thii should bt r.5 prablM» 4Jt»«rljantal coaflrMilon if 
ra^ulrad. 

It la poaaibla that alalUr ecehnlquai *9 thaia dls- 
cuaaad «b«va CM.ld ba appliad to tha problaa of locating tha aoureeo of 
flra (roB an aircraft or halieoptar. Mora again, cha uic of pulaa dopplar 
Mtth iti loaa duty cycla. and tha graar dlffaranca ot dopplar frequancy 
bacwaan cha bullae to ba dataetad and tha background cluttar aay allow 
cha daalgn of circuitry to provide tha nacaaaary aub-elutcar viaibillty. 
Iha uaa of tha eoving platfom for aountlng cha radar luggaata, howavar i 
that non>coharanc rachar chan coharanc dacacclon tachnlquaa ba eonaldarad. 
Hawavar. froa a halieoptar avan thaaa sight net bo nacaaaary. Baforo a 
final daciaion can ba aada, asparlaantal data should ba obtainad. Parhapa 
tha boat approach to datarslna cha ulclaat^ applicability ef radar to 
tna co^ac altuatlena undar dlacuaalon la the conacruetlen of a bread* 
*<9trd tec along tfta liMt ft^ir^Cvd here wheret»: the eharaecerlatica of 
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tht clutter r«]i*viion tilxw can b« varied, tha tyiCM can b« oparitwl 
fii:,.i j«hercr.:ly w.«>«,tf:M«aniiy. anl ctir a^uipaant conatruetad awll 
anough and U(hc aaeugli ce ka carriad aboard av alrplana «r Uallcapcst 
iurlni a portion of cha taac protraa. A fUtht taat pretra* sau ba 
daitgaad both to «b;.aln fualaaantal daca which can ba utad in final 
a^uipwnc daalsc and to dawnacrata faaalbility of tha batlc coneapca. 

I'o ijflMrUa. tha hi^t, velseity of a autUt or ahall 
prowidai axcallant opportunity to uaa tha depplar fiaquancy in 
dtatiacui*Ma< bacwaan tha aaall acho of tha daiirad tartat and tha 
■ich largat acho of tha '^ndaairad baek|round. By ai^loyiikt a larga 
duty cyela (0. t or (raatar) and aaerificing tha ability of raaolvl.it 
elotaiy ipaeas :Arteta and of procaaalng and dlspUylnc aany aiaultan- 
aoua tartvta, it la po*«ibla to ovarcoM tha tub-cluttar vlalblllty 
*.!7iTatl3M mi coovauctootl KTI etreultry. Tha uaa of tha pulaa doppltr 
tachnlquai alaoat cartainW offar • practical peaalblUcy for o^loyaaat 
aa a irouod-baaoJ radar ayataa in tha eoobat altuationa undar dlacuaalea, 
lae hiva a if:satb:e alrboma application aa wall, whieh baar further 
lnvaatl|atiob. 
S ** 2. Kadar Mapolna 

Aa tndieacad in Section 2 and Jiacuaaad in Section 7, a reaaonable 
re^ulreaant for detactloo of aatl-tMrllla operationv would ba for aerUl 
location of traila* under canopy i or denaity aeaaureaMnta froB which eoutd 
be deduced thoae retlona (banda or corrldora) eharacterUad by the lowaat 
denaity of *Cia:arlon (and h«ce,praauaably, tha aaalaat routea for travel). 

•Trella" cevera ouch Urge traila aa the Bo Chi Ninh. 





Cone i«l«r able ictantlon hat bt«n dcvotpd to terrain racurn In th* 
1b*x fev vfsrs. {vtt ■ i-i - 5-9^ pr,;viitr.g Mitfal ra(*t«tivv» in atiuition 
to tnc ctaiaic vork reported in Vol. )3 cf the Radiation Laboratory Series 
^rcf. 8.10. I'ufoi 'unatety . none oi ilteaa aourt-ea are particularly helpful 
kb iecidko^ ifitethei ttaili, tor exaa^le. can be detected under dense cover. 
In ret. 8.8. pat** ^2 - 13. Burdtch fut<csrt that au I clf requeue >- scannlns 
•ho^'ld ^er7.:t «'<*a luatu->n ot the d*'r>"> ."f \»\'ist^ :he t^iiea ot electro- 
MIMtlc canstraiDi* of the various layere- 

CsperUwota of the typm necessary for evaluating the PASS prograa 
would be usesui l<«r«. Carta in ty it will be neeassary to have frequenciaa 
which panatrata to varioua depths La the forest and perhaps to the floor. 

tt is suggested that aoaa attantlon br given to thic problaa and, 
if posalbla, the PASS asparlMnta ba axcandad with thla poaaibla appUeacian 
ta vtaw. 
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6<i. au—r>' 

int probtcM oi a«cUl «urvtilUnr« of jungU (•nL ^chcr) to 
dtt«t Mr e.rrvin, ,tfl«. •uuc>tc4 In f*SS. has o««n ei«.l««J .nd 
• iuBdwQtitl ^rogras of iowstiiacUn of crucUl points lufsostod. 

AppUcACLon of puUc-MdMlatod doppUr Mthods to various typos of 
and-a^usS radar has bMR axaaunad ana t.ntativa apaeitlcations outUiwd 
for rtqjirtd p*rfcrMnc«. The ii^proach sacsis fe^slbla and it It 
fuu«ittd that cht i«'tbjfc: U lavastlgatad furchar. 

It la also suutstaJ that tita PASS p«TtriMats ba sat up co obtain, 
la addltlM, tha data nacessary to anawar quaatlons of tha franblltry of 
radar mappinc for cralla and corrldora. 
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SECriCN o 

ACOUSTICS Aim CfOWSlCS 

Thi» tMtlJti d«alt with acouftlca and gantral gtophyilcal Mtliod* of 
pMslbl* inttrcac for antl-guarllla appUcatt<*n. A partial aurvajr la 
praaaacati of ralavant data and facCAia buarinn on cha uaa ol Acouatle 
datocdoo davicea In haavy vas^ttt'.-** f-ft**v»** Amm,*^^^ fwm 

aaalvcad. A abort diacuatiMi of applicaiiona ia itlvan. 

farttnant gaophytflcal proapaetlng Mtboda and aqutpaanc ara ravlaMad 
la curaory faahlon and aa«a aiopla caleulaclona ra*. :lng cp cha potantlal 
iiKlllty of BafaatoMtfera ara givan. 

9.1. Acouities SuHacy 

9.1.1. Introduction and Stsary 

9.1.2. ISaaring 

9.1.2.1. Loudaaaa 

9.1.2.2. Dlffarancial lanaltlvity 

9.1.2.3. Maskltti 

9.1.1.4. Svaaeh 

9.1.3. Sound 

9.1.3.1. Actaauatloo 

9.1.3.2. Divarganca 

9.1.3.3. Abiocpdon 

9.1. A. tiatanlng Diataneaa in Jiu%la 
9.1.3. Davlcaa 



9 1 >. I Par«bolu tof Uctorc 

9. l.S.i. ObttaeU Amy Umm 

9.*.}. I. P«ch Ungth Acoustic UntM 
9.1.». Blbllo|r«phy 
9.M. latroduccijo and Sitv 

Hm InaM ay* ud Mr ar* truly pli«noMMl iMtruMntt for 
4atoctio« of light and toiaid. tt it n«c poaalbU la raallty *o iayreva tha 
aanattlvlty of chck* Inatriacnti la elut iIm «ya la llsltatf by yhoeon 
aaart/ tad cha car ic at cha chrathoU of thar«al nolaa. Thm vA*iwM» 
epKieal obaarvlng t^chnlqucc arc dacltnad to axplolt tha htoMn eyt. It la 
tb* purpoaa of thia dlacuialon to datanilna whathar or not tha oar can ba 
aa^loltad ualag touad* fat Harlot aqulpnant ro datact yaraooaal ■ovaaant In 
tha J«Atlaa of touthat4t Aala. la ordar to dataralna tha poaalbi* •<*vantige9 
of ualog cound gatharora. Ic li flrat oaeaaaary ro uadarataad tha parfor- 
■ancc of tb» htaan Mr. ; l^r firny nm^t «# rfcia r«Mv» 4< ««>••••«• fh* ^vfnn* 
anca of tha aar froai a lona, apaach aod notia vlavpolat. Raati tha aubjact 
■attar wf Juagla acouatlca la dlacuaaad la which cha hiaUdlty aad tarraln loas 
coafficlaota of abaorptloo ara dovloatlog factora. At thla ataga of tha lBvaa« 
tlgatleo It doaa aot apyaar aacaaaary to dlscuaa tha taa^ratura aod wlad 
diffraction of aouad nor tha phyalea aiaociatad vlth tha abaorptlon phano«ana. 
Making uaa of tha parfonuoca of tha aar and tarraln and dlvarganca loaaao for 
aound praaaura, aatlnatac ara a«da on how far cartala noiaaa can ba hoard la 
a JiAgla. 

Ha naxt procaad to tha dlacuaalon of cound concontratora. lha aachoda 
of aouDd coneaotratloo emaldarad ara: 
I) •irrvra* 



2) tfbsicilr an J |ittih*2«*if th ttiwM, and 

3) tubular Mi«;rupl)on«B. 

ti u •hown In th» dlscuttleu on }unal« •eouttica that rh« h^tt 
Uiitntnc rant* la armind 200 cpa, «hUh ha* a chartctariacle wavalangch 
Qt Its favt. Tka laaaAB fnr cha 200 cm vavalangch balng tha baat wava* 
langit* Uataiiinf iraquancy la that tha, traaa and (oliaga rcattar (ha 
■OMndi wttjta wcv«l«nscha ara aMllar than tha aiiaa of tha laavaa and 
Uaba of tha crati. The 200 cpa wavaa flow ovar abataelaa wbeaa 
characartatie lengtha ar« aaallar than als faat. f run an acuuvUcal 
paraballe nirror vl««>7«>int, It la nacaaiary that tha diaMtav of aucb 
■Irrora ba tavaral w«valan|iha in dloMtar In ordar to aehUva diraetion> 
alttjr and gain, luch davieaa do not appaar to bo fooaiblo for tranaporca* 
rlen chrottth dtnaa )usglta but might find application on tht pvrlMtar of 
tha junjU. ObatacU and path langth aeouatlcal lanaaa ancloaad by borna 
likavltt rt^uiro larga dia&etara for lev ttaquaacy liatanlng. Tubular or 
Una nlcrophonaa achiuva diractlonallty by aound lnr«rf«ron<"s of vavaa 
•rrtving ^ff aal*. Such nicrophonaa ara hlgh.*y diractlonal but Ukaiaaa 
to achlava dtractionalUy and gain In tha 200 cpa raglon will raquira 
Cuba lengtha In aacata of eha enaractarlatle vavalaogth. Hanca, thaaa 
nlcrophonaa Uhawlaa do not appaar to bo actractlva for liatanlng In danaa 
Junglaa. Thay do appaar to ba attractlva for application on tha parlphary 
of cha JungU or for liatanlng at night for noiaoa outalda of a atochada. 
Bocauaa of tha opon ranga aaaociacod vlth atockadaa, cha langtha or 
dlaaacara of cha acouatlc airrora, lanaaa, or tubular ■lerophim^a wmtH 
not bava to bo larga. Tha work will hawa to bo ontondad and ropraaantatlwa 
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tiivn4>t«ih«rtii)| •^utpcent b« coiwiruccifd »ni (••c«d und9v tltld eondltiont 

to dti«rBlA« cht ttlilui* worth of acoutclc U«(«nitt| divlcos. 

9 l.i. bygtiM 

Tl'« oar i» « vory cMvbobI* iMtnaant. tt can roipond to 

fioiiurw «a Ivw 1<) 4ynn on which producoc a dtfiacrlmi a{ the 
•9 I 

tardna of ahout 10 em . Tha aar can alae wlthatand aouiul praaauraa ol 
lo' to 10** dynaa <b*^. It W«t ndt a prctaura aanaor but a rMnpUs 
Mchanlm which in canjunetion with tha brain bveeaoa • •yataM of filtara 
With tha ability to judga loudnaaa, picdi and what ean ba cailad wiaieal 
quality. Tha aar ia at cha tiait of tha proaaura fluctuation axiatlnt U 
taaaa and hanca any aera aanaitivity woula reault in thanai nolaa 
dataction. Aa a atartin$ point (or tha dlacuaaian on Juii(la aeouatiea 
and luarllla warfara, wa dJacuaa a few o( tht partefaanca ehanbtarlacica 
of tha aar. Tha infonatlon on haarlnt coabinad itflth phyaica 

ealculatioaa on aound propagation to aaalyco tha aural dataction problaa 

IB th« jun||l«. 

y.1.2.1. Ui«doa»a (Ufa. 9.1. • 9.3.) 

Tha eeneapt of aoft, loud, vary loud, ate., la plaead 
on a quant 1 tat iva baaia by coapario^ tha aound with a atandard aound. 
Tha aeandard aound ia choaan aa a 1000-cpa cona. Tlia loudaaaa of any 
otbar aound ia dafinad aa tha aound praaaura laval of a I000*epa tona 
that aeuada aa loud aa tha lound in quaation. Tha unit of loudnaaa ia 



9.1. AcuuitUg . I. B«(an«fc| NuGtawBiU, 19S4 

9.2. Acouaclcal gnRtaaarlna. H. F. Olaon, Van Moitrami, 1917 
«.3. lUttdbook of Wolaa Control . C. N. lU.rria, NoCraw-Hlll, 19S7 
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th« "phon." Por eso^U, a lound t* mU to h«v« • loudnaia 9t 50 phocu 
If th« •oxnd prtt4ur« Uv«l of • lOOO-epi ton« of toundt at loud, 

figure 9.1.1 rh» ((inronr liatt of •qual ly..t.'"i*t« f«r noTWil «ara. 

Tho phop unit latpltaa ihat a "Jury" of aara ti uaad co Mffaura cha 
aouad. A ^iatioctlon ia «ada bacvaan "loudnaaa" and "loudnat^ laval." 
Tha unic uf loudnaaa laval La tha "phon" <4hleb haa baan d;*flnad. Tha 
unlr of loudnaaa la tha "ton*." ty definition, a loudnaaa of ona aona 
haa ^een arbitrarily aalectad to eerraapoad to a loudnaaa laval of 40 
phoiia. On&« a$aitt a "Jury" of aara ara utad to antvar qucatlona auch 
'•hev auch loudar la a aound of 90 dh than a aound of 40 dbr Tha raaulta 
of auch dataimlaatlava caa ba rapraawtad tflthln eartafca llaltt by 

whara 

H ■ loudaaaa, aonca 
1^ • loudaaaa laval, phoaa 

Pigura 9.1.2 ta a bOMfraa for pheaa va. aeaaa. Proa a loudaaaa 
vlawpwint lat ua conaldar a aiapla aouad coaalatlat ot tw vldaly 
aapararad tenaa^ aoy 300 tad 2000 epa. II aaeh ut tha cw eoaponaau 
had a s«UBd praaauca laral aqual to a 1000*cpa teaa at 40 db, thaa aach 
co^oaaot would hava a loudaaaa laval o< 40 phoaa lAaa aoundad aaparatalp. 
Uhaa ehaaa toaaa ara Judfad tatachar a •*aottad jttry<* would glva a laud* 
aaaa raei^ eloao to 90 phona aad aat W phona. Hanca on a wall- 
aaparacad toaaa tha aoao ae4la ia additiva but aot oa tha phoo acala. 
Proa a nolaa viawpoiat a raduatioa of 2 aoaaa to 1 aona ta aqulvalaat to 
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fti«tiaa that the Undni>ti l»M b««n rvductd to ont-half IM fof««r vcliw. 
In the c«»» if on*- «tid two-Mr lUtniti«, tho •eiw vtiua la ImIv»« 
oBly on* car u utad. «ad hanca addicional Ioudi««fa Itval la raqulra* to 
Mka the loudoaaa aqual lo tvo-aar Itatanlng. 

9.1.2.2. DUfarantlal Sanaictvttv to S ound Fraaaura and 

fraouancY (Kaf. 9.1) 

A parson cao datect a chaof* In prarauca laval 

of about i-db tor any tana b«Lu«co 50 to 10,000 cpa if tha laval of tha 
tona la graacar than SO-db abova tha thraahold for that tona. For 
aouod prassuraa laaa than 40-db, laval changaa In tha ranga I to 3 4b 
ara raquirad. 

Por fraquanelaa abova 1000 cpa and praaaura levals 1b 
ascaaa of *0 db, tha alnlM parcaptlbla cbac«a lo fraquaney »ihlch tha 
•ar can dataet la about 0.3 par cant. At fraquanelaa balow 1000 cpa and 
prcaaura laval'a In axcaaa of «0 db, tha aar can datact a ehanta in 
fraqvancy of aa littXa aa 3 cpa. At low praaaura lavala and particularly 
at low fraquanelaa, tha BlniauB p«ccaptibla cbaa»a in £c«qu«acy aay ha 
Moy tlaaa thcia valuaa. 

f.1.2.3. Waaklnt (Kaf. 9.3) 

Vhas tha nolaa la ao )oud that a paraon cannot haar 
•aothar ahoued. that aouad ia aald to ba aaakad by tha oolaa. Tha aaM 
CAB ba aald for obb Bolaa with raapact to aoothar. 

riffura 9.1.) ahowa tha aMunt by which tha tcna auat axeaad tha 
aouad praaaura apoccrw laval bofora it bacoMa audibla. A 200-epa 
pura DOta fluat ho -14 db ovor tho noUa bafora it bauuMa aiMlIbla. A 
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4ul«t utiltper «t i U«t 1* 10 db la tbm ni»cU ol Uflvaa in • gMtl* 
^r«««t. rrM tha loudnaaa vtawpolM a chamia af IS pheaa producaa at 
Uatt a iloubUttt of tha lovdaaaa. 

9.1.2 4. S^><ch (Ra£. 9.1) 

Scudiaa on cha huMn coaMini cation ahow a apaach 
*rrtr zi'ir.-.t 1/S ise'iiond and tha avarat* iatarval bacwaari 
ayllablaa la about O.l ff««ood. Tha vowal aeuada ara aot critleal to 
apaacb ItttrlliglblHty a« arc the consonanta. Howavar, tba eenaonant 
aouoda ara waak and haoca can aaally ba aaakad by aolaa. Tho rcs'jUa 
of Bpnltorliu a loDftlaa avaiaga spaach at a dtataaca of ona aatar la 
froDt of th« calkar ara anown in Plxura 9>1.4. Tha paafca on tha root- 
a«an*aqtiara aouad prataura ahev a paak praaaura of about SO db around 

s;s. Ths figure sisc »hev^ tha ralationahip bacwaao tha tbraahold 
of availability aad apaacb apactrwa. 
9.1.3. Sound j 
9.1.3.1. Attanuatlon 

Tti:^ fsstsri which ara laiporiaot la Jatansiaint tha 
aouad level «c a tpcc'.flcd psaltloi: froa a point aourc<i of aeund in 
opcc air ara aa fcllorfa: 

1. Dlvartvi ea decraaaaa dua co apraadlttc 

nut •ti*ir»y^ 

2. Attanuation of aouadj 

3. tiUct it 

4. taflactloa by and diffractioc around 
aolid obaiottlaa. 
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.>. Refraction •nd ahadow forMtlea by wind and 
ccaparatura gradLants. 

6. ScACtariRt of Mund by tMll cavpvracura 
•od vtnd varlatioDSf 

7. I«( lection aod ■baoryclon «t Che fround. 
9.1.1.2. Dlvrteiwd (tefa. 9.1 - 9.3) 

TiM tCMid pr«t«ur« l«v«l i» by dtflaltiM 20 tlaaa th« 
let«nciw of cho ratio of the dctomlnod teuad prtsiura co th« ralormco 
Mund praoour*, 

m - 20 loi« db 

In the UalLtd SC«Caa P^^^ Is usually cakan aa 0.0002 
sUrobar (2 x lO'^ Nawtons m'h whtcb la tht htarlnt Halt for cha 1000 
cyclak par saccud ragioa. Slnca prataura falla off lovaraaly aa 
diacaoca, tfa hava 



SPL • 2o'lot|Q7- db 



K 

Tha doubling of tha diacaaca ratal ca la « ft-db ehaaga. 
n«Mv«, If tha awuttd praaayrt laval ia at a diiuaca a frea a 
tourea, thaa tha aouad prasaura level X.^ at a diicaaet r is 

9.1. J.). Abaorptlon 

a) Air Abtorpdoa 

Tha paaaage of very high frtqucney •mifid 
waves through dr.* air era damped by viscosity. 
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chrnial coniiucilvity «nd rocacional •( Ch« MlMuUt. 

Since V* arc lnttr«at«d In the cudio range we will net eetiee^ 
ouraelvea wich thaie inttreatins theoretical eapeeti of the 
abaorpcion problea. Acouatlcal rclaKailon in Lha audiu range 
la ii^flveiKed by the hlaldlty. The hlaldlty depeadeoce of the 
•beorptlon eoeffleionc for elr at 20^ le ehown in rifure 9.1.3 
(ReC. 4.2). 

The curves allow quite clearly Chat the high (raquaaey 
Bouftda ere daaped quite reaJily. Ceaparlnc rigurea 9.1.1 and 
9 1.) It appveri that aon» frequency dlacrtainaclon wuld occur 
at long diatancea Cor the 1MX)>)0,000 eyelea per aerend 
frequonc)' range. Low (raqueney aouada are not attanuatad but 
the found preaauro threehold <• equlvilent to*" 30 deciblta 
graatar than the *• 1006 cyelaa pnr aacond thraaheld, An 

abaorpclon coalflclant of 0.000* par eaatlaacar roducaa cba 

2 

iatenaity of a plana wave by a faecer of a (— 7.4) In 100 aotnra* 
Iha laboratory naaaaraBenra of Knudaen were ehacked for tropical 
condiciona over a hard baao by Kyrion. A uuMqiariaMo of 
ebaarvationa made at 33 par cant ralativa hwidity and 10^ la 
given in Table 9.1.1. 



Table 9.1.1 

rnQuncY Dinivsici or souw AmMUATion 

AI 551 9IUIIVI UMIOm AI 80<Y 



frequency epe 


75 


150 


300 
600 


600 
1200 


1200 
2400 


2400 
4800 


7000 


10,000 


riald (lyring) 

it/ft 


0 


0 


0.01 


0 


0.015 


0.011 


0.020 


0.043 


Laboratory 


0 


0 


0 


0.001 


0.002 


0.006 


0.019 


0.033 


(bMdaen)db/ft 
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It IS apparent chat high fraquaocla* art daspad ouc in abort 
dlataneaa by abaorptlea alona. m^l. izz^-itcL, iiz^it^ effaeta ara 
aaay to obaarve. Tot asaapla: tha daeraaat 1= i«r»««<ry «f hl|h 
fraqutncy reiattva to lowar fraquancy notaa of ■ Jat plaaa aa it 
laavas cha aabarkadoo point ia cha raault of hl|h fraquancy 
•btorption; tha ganaral dacraaae in ovarall laval ia tha ratuU of 
div«r|aac«. rurthar. iha booa of diatancf funa or llihtralng can be 
a^laiaad by hlgb frosueacy abtorptiea* 
foraat AbaorBtton 

Tht branehM, ond rrtmka of follag* w*n aeafteT anund 

wavaa whoaa characcorlttie lenieha ara la«» thaa tha eharactarlacic 
Unieha of cht vaiecaeim. Htaco, ona would aspect that high 
frtquaacy tounda would be acttavattd rather rapidly ia a Juagle. 
Tht lower trt^tieaey so»nda wotild alae be eetaBuated by general aouB« 
abaerbiog propertiea of the foliage but would cccenuace wch ieaa 
thaa Che high fretiueaey ceapoaeata. There eppeara to be ilttia data 
OD tuagle terrala aeuad ahaorptiei. The only atudlaa haowa to the 
author were carried out ia FaaaM during World War IX. (Re(a. 9.4 
aad 9.5) The carraia Ieaa coefficient ia deeibeli per foot aa a 
function of frequency are ehewn ia figure 9.1.6. 

The heeriag eeaaitivity curve ehewn ia figure 9.1.1 whea 
euperiwpoaetf on the terrein ieaa curve ahoMn in figure 9.1.6 

9.4 '*Jungla Acouatlc*," C. lyring, J. Acouatl cal loc. of A— rtca. 
J^, 2S7.270 (1946) 

9.5 "Ultraaonic Aabtent lelae in tropical JungUa/* J. taby and 
h. Th«rpe, JtL^ i£> t71«27) (1946) 
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liitiiuatta th«c there It an gptiaiM fraqutiicy for llstttilai. The 
optiWB frequency for hoorlng dt«e«BC loundi is arouttd 200 eyelM 
par tocond. The cerreln loet coofflei««te «t 200 epe for tho 
Jungle*, detcrlbed 1q terse uf eeeloi; dtstence enH eaee of 
penetratloa ere given ia Teble 9.1.2. 

Table 9.1.2 

TSUAIN LOSS COVPICinirS POI JUM6U AT 200 cpa (Ref. 9.4) 



Type of Jung le 



db/ft 



Leafy, aeeiag diatance 20 ft, panetration 0.04 
by cucciag 

Uafy, seaittg diatance SO ft, panatratlea 

dlfflcuU wicbout cutting 0.0) 

Laafy, eeaing diatance 100 ft, free walklni 

vltli cara 0.02 

LllLla laafy growth with large bracketed cruaka, 

•aaiag dtatava 300 ft, penetration eeey O.OIS 



^5 gwtffd Haekina Level in Jungle 

The Makinf laval earvaa for e vary danee j«ingle ere 
•hown In rigure 9.1.7. It la to bo noted that the *>aat Hetan- 
ittg frequency range la allShtly nelalar In the daytiaa than at 
viigl^c* A emdo aetlaata would be thet one could hoar a low 
froquevcy nolao twiea aa far at night as by day. This 
•atiaate la baaed on fundanental relationship that a 6*db loaa 
la equivalent to doubling the distance frea source to obaatvar. 
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L«t us aow new tar om ub dUiinguith •ounds In tht 

JiatU. en riturs 9.1.3 wt win Mttw clut It factkclt tbovt wim 

eu b« curtlly d«tMt«4. Furthar, U—4 m rt|.9.1.7«« will smim that a 
¥afT aui«t juBtU haa a Making laval of IS db. On tha baala of thaav tvp 
asaun^tiona, cha alnlM dataetabla altaal la above 30 db. Tabla 9.1.3 
glvat rtprtttntatlva nola« Itvali and aourcaa. 

Tabla 9.1.3 

NOm UVIU An tOUKIS (tefa. 9.1, 9.3, 9.«) 



Sogree of Rolie D*icrlDtion 




Decibels 


7M4«*I.gld of pain 




130 


Bmmr blow* en ataal plata 


2 ft 


114 


ftlvacar 


3S ft 


97 


Lion roaring 


16 ft 


87 


Notor truck chaaglng gaara 


lS-20 ft 


74 


Buay acraat traffic 




«S 


Ordinary cnnveriaclen 


3 ft 


63 


tawi.as wood 


30 ft 


61 


laataurant 




M 


Bouaa In cuimcry 




40 


Avaraga whlapar 


4 fc 


20 


Qulat whlapar 


3 ft 


10 


Ruatla of laavaa la gaatla broaaa 




10 



Lac ua now taclMta hmr far an ordinary coavaraatlon sight ba baatd 
In a jusgla. To aaka the aatlaata, lat ua aaauwa chat a flat aaaklag laval 
of 20 db anleta and that tha apaach datactlon algnal la IS db abova tha 

f.6 "laawlta of lolaa funray,**!. 6alt, Ibid ^ 410-418 (1««1«) 

l 
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nei««. W« ire Jlff*rctiti«tlit< b«t««cn lottlllglblllty iod dtt«ctlo« of 
•pMch. Tli« t,vwi-M4n-»4u«r« «p£sch level It 6S db «e 3 ftet. Th» tttuMd 
ptmUtlbU a«cib«li of «cc«nuatlon ti 30. To «ct«nu«co 30 db by 
fMMtry •loot wuld roqutro 96 foot. If on ovoroil etrroic coofllcloat 
of a - 0.0) la ooauMd, « porocn talking in tho Junilo would bo h44rd ot 
•bout 7) foot. If tho aoalilDt lovol woro 26 db Inotuad of 20 Ab, tho 
llotonla« dlotoneo would bo roducod by approxlaotoly ono h^lf. 

In thf caff *»* 0 loudor aound, lot ua oacimatt how far o roarlni 
Iton could bo hoard. Accordint CO Toblo 9.1.3, a roaring Von »uuld b« 
oquivolont to 102 db ot 3 foot. Aootnlng on ovoroil aaoklng lovcl algnol- 
dotoctlea of 30 db, w« eoleuloco that tho Uei; could b« boord in tho 
opOB at a diacaoeo of U»000 foot (~2.3 BlUa). (Wo hovo nogloetod 
dlCfractleo of oound la Mktng thla aictaato.) Tho dlotoneo tho Uoo 
could bo hoard la eao roproaontattvo Jvaglo to MO foot. Tho roar wouU 
bo poakad at about 200 cpo. 

Toato woro carrlod out la FaaaM la 1944 ea tho dlotaace a 2-1/2 
ton Any Lcuvk «.wuld bo hoard In tho Jungla. Figuro 9.1.8 ahowa tho 
?s!hlrs !ovfl, chroohold hoariag cur¥t for avoroga oeUlar, a ifiad>aolaa 
'roquoney curvo aad a truck aolaa fraquaacir. 

Tha ovorall aouad laval for chs truck waa 7S db at 100 (oat* t*ieh 
v^uld ba aqulvaiaat to lOS db at 3 (cat. Buod ea a 26*db aaaklBg laval 
aad 14 db addltloaal algaai for dotactloa of a paak tooo arouad tha 
200-epa raaga, Tabla 9.1.4 iadlcataa that tba Uataaiai dlataaca la MO 
(cat. M obaarvar «ho waa kasim to havo battar Uatantag ablltty thas tha 
ovoraga ia tba f raquaacy raago balew 300 cpa vaa abia to dataet tha truok 
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• dltcuct Qi 1000 i—t hy ltat*iiift| tor pMk teunda* (a«f. 9.4) Dace 
«l«ln th« ctlculadOM art mly •■ciMCa* for on* doa« aot knoM th« noira 
laval takan at cha Itatanar loeacloa nor May ochar factera ahiek could 
■aha a dlffaraaca of aavaral db. Lowarlng cha noiaa laval by 6 db ravtaaa 
tba Uacantns dlaranrv calaulaclen to loaa than 700 faat. Aecordlat to 
Tabu 9.1.4, 1000 laat eorraaponda to an attanuatlon e( 94.4 db. Tha 
calculattona ara net agraalas with tba asparlaaat. If Juat nolaa laval 
vaa a erltarlon, than aaaa of tba dlacrapaney can ba aceotutod for. For 
found praaauroa laaa than 40 db» praaaura laval ehancaa of 1*3 db can ba 
datactad. (laf. 9.1) to taraa of aonaa, a 3 db (or phona) chaafa at a 
40-db laval wuld laercaaa tha loudaaaa about X par cant. If tha 
dataetloa of tho truck vaa aada on nolaa loudnaaa and not diattniuiahiai 
a truck aouad, than tha 14 db abava aaftilni laval could ba nafloctad. 
Tha datactieo dlataaca for noiaa laval chama would ba about 800 faat 
uhlch la m aceaptabla agraaatcnt with tha obaarvation of 1000 faat. 

It la apparaht that aora infarBaiion on aiMod atLanuation uadar 

I 

Jungla cottdi clone uou^d be raquirod to iaprova thaattlnataa* l i ouavar, 
it la apparant that tha juntlo caa ba likanad to a rocs with aouad- 
abaerbini walla that haa a rathar hi|h noiaa laval. Tha walla bains ^ 
£oUata and tha Jungla baing tha aoureo of noiaa. 
9.1.5. Davicaa 

9.1.5.1. yarabollc laflaatora 

louad lika light can ba coneantratad with raflaetora 
vhoaa gaaMtriaa ara auch that tha raflactad rayo ara feeuaad. tha wava* 
langth for 4000^A light la 4 r 10*' ca and tha vavalanith for 300 epa 
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•oufld It -4 (••». Htiiet« althouth ch« prtnclpUa art cht mm, eht 
char«ee«rltcle iitmfn ttm aucb A?««ctr for cwnd celUccora. la Um 
e«M oi •otmd-rvdtctori, lurfac* iBparfaetloAt •» net ■ItnKleanc. 
m ^artbolic rafl«ecor la m ahapad that tha pancila af aound Ineidaiit 
an tlia aurfaca ara facuaad at a point. It la apparant that in ordar t« 
obtain a tala in praaaiara at tha facua, tha dlaaatar of tha raf lactor 
Milt ba aavaral tlMa tha wava or alaa tha wava will Juat (low paat tha 
coltoetsr. riguca 9.1.9 ahowa tha raaulta af aeae aKpadaanta an a 
parabolic raf lactor 1 faat io dlaawtar. Tha dlraetlenal charaetarlattaa 
of tha aterophona ara vary aharp at 8000 cpa ("'l.S-ft vavalantth) and 
nandlractlanal at 200 cpa (-*4-rt wavalaii»tb> . Pot Itataaloi to bled 
calta and «ateh-ttcbli«, a 3*ft dlaMtar raflactor would provlda 
diraiitloa and goin* ^i* tdlB la dtractlonally proportional to tho eroaa 
aactlanal araa of tha raflaatar and Invaraaly proportional to tha a^uara 
of tha naval aagth. 



9.1.9.2. Obatacla Arrav Aeauatie Lanaaa 



Tha valoaity of aound la by dallnltloo 




uhara 



p ■ praaauva 



p ■ danaity 



• ■ antrapy 



Par an Idaal gaa tha valaalty of aouad la timm by 






TAU 9.1.4 SOUa 


) ATTnUATION U JOKU: 


*2 

L - 20 lot 

*1 




•• 9 Foot 








Uis« O ■ 0.03 
200-400 CM 


lMtg« 4 Average Tttrnln Lost 
o • 0.07 o • 0.2 
SOO-IOOO coo SOOO-IU.OOO 


Total Attcouacloo f'>i 
loot titCMlnt ^t«t 
CM a ■ O.OS. 4'i 


2S 


10.4 


1.10 


I.S4 


4.40 






M 


2'*. 4 


2.20 


3.08 


8.80 




26.4 


100 


30.4 


4.40 


O.U 


17.60 




34.8 


1» 


32.4 


S.SO 


7.10 


22.0 




37.9 


ISO 


33.9 


O.M 


9.24 


26.4 




40.S 


200 


36.4 


s.ao 


12.32 


33.2 




49.2 


2)0 


30.4 


11.00 


13.49 


44.0 




49.4 


300 


39.4 


13.20 


10.48 


32.8 




S2.6 


400 


42.4 


I2.C0 


24.04 


70.4 




60.0 


SUO 


44.4 


22.00 


30.00 . 


88.0 




M.4 


600 


43.4 


26.40 


36.96 


10S.6 




71.8 


700 


47.2 


33.00 


43.12 


123.2 




80.2 


800 


40.4 


3S.20 


49.28 


140.8 




83.6 


WO 


49.3 


39.60 


S3. 44 


1S8.4 




88.9 




SO. 4 
S6.4 
02.4 


44.00 

ao.oo 

176.00 


61.60 
123.20 . 






94. <• 



8000 88.4 




Hmea, ebAn|«t In dMtlry at coMtant pr«Muro rMwle la 
vfloelry chatitaa. Th« datlnitlon of rvtractlvt Indra !• ch« r«klo of Ch« 
v«loclty in OM wm6i» to vtloelty U «noth«r Mdlc. Th« pUclns of 
obococUt In orroyt oltori tho proportiM of cho Mdi«. Th« rofrocclon 
rooulttng fro« tho InMnolng of obotocloo tn • aodla can b« oxplainod by 
t«fo approachoa to tho probloa. Vhon tho charactorlatlc lon«th of tho 
objoct la ouch aaalUr than tha charaetarlatlc lanfth of cho oovo, tho 
obatacla can bo conaldorod (1) aa a aourca of raradlatlon, or (2) aa a 
■oaoa of chon«in« tho donolcy. 1'ho alaploat obataclaa ara aphoroa. Tha 
oxpl«aatioR ts valid for elaccrsaaiMlle wavaa aa tHrll aa aceuatic vavaa. 
•) Array of Soharoa (Uf. 9.7) 

In tha eaaa of olactroMgnotic wavaa, tha 
apharaa aro conaldarad aa alaetrleally conducting 
and In tha caaa of aound wavaa tha sphtrat ara 
eonaldarod aa UMOvabla (rigid bodiaa) objocta. Tho 
i-«radlatlen axplanation i« boaad on tho aphoroa 
bacoslng avail aloctrtc or acouatle dlpolaa. Tho 
roauitant of tho orlslnal wavo and tha rarediatod 
wavaa totm a «iava having a lewor vol eel ty tnalda 
tho array. 

A phvaieal approach to tho lewor voleetcy em 
bo obtained «• fellewa. Turn wlslaiiicU conoinat of 
(reo apeee is unity. The iMeralen of perfect coadve 
ctvttlnt Mtal epheree into frte apece tacreeeee the 
dleleetrle eenetent. Henee^ the IndeK of refreetles 



9.7 "lofraoilng tovnd Heveo.** V. Bech and r. Hervey, Xbld, 21 471-Ml 
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I 



bMOMt greactr than unity. Liktwis*. thm iMtrtlon of Inftnlttly 
deuc (rlfld) tphtrct rfymtiv^ dwiatry la unity rsniUa 

lo • tat4i« hf *ns ■ rcCraeclv* indn triaccr th«n unitv. Sine* th* 
velocity ot touad Id air d«cruiet with an lacrt««« in ch« draalty 
«e eonstmt pr«aaur«, w ntad to find •« axplMatioii to i*y tha 
doMity of tho gta inaido tbo array ia graatar than in (rae apaea. 
Tha hydrodynaaiea of a aphara oovint in an Incoa^raaalbla fluid 
low at vtloeitiaa ahowa that tha aphara hai a virtual vaaa a^val to 
1/2 tha «aaa of th* diaplai.«a fluid. A aound vava flcwia« ovar 
fisad aphara aa^uiraa an affacttva aaaa. Tha danaity would appaar 
to ha 

p - P„*l/2Po^ 
whara V la tha voliaa of tha aphara. Renca, tha af faetlva danaity 
for an array of » apharai par unit voltaa with a radlua a wouU 
ba 

P 



p ♦ a W 



Tha rafracclva lDda«« n, for tha aphara array la givan by 



n» - I 4(^) H a^ 



b) Array ot toild Bodiaa (laf. 9.7) 

In tha eaaa of iaco^raaalblo fluid flow tha chaoretieal 
raaulta ahow that ail aovins bodiaa ahould ba affactad by tha 
virtual aaaa of tha body, laaea, tha Maaaa aatar In tha fon of 
M + Ul^ wbaro la tha addad aaaa and k la eoaffiwlant dapand- 
iot on tha ahapa. Baoea arraya of IrraguUrly ahapad objaeta 
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would h«vfe «n ind«x oC refraction glvon by 

I 

I - I I- kM 

Where N !• nmb«K of vbotaclo* p«r unit voliaa. ftgura 
' 9.L.10 ahowa tha isdteca of rafraceien for aivpla arraya, 

Plgura 9.1.U shows tha coiiitruetton of « slapla 
alc-tfwh dtaMtar dlak lena and faad horn whlsh waa 
teatad at 13. i kc. 

Tha diraedonal pactam of tha lana and bom 
coablnation ia shora in Ftgura 9.1.12, Ic ahould ba 
I noted tha: the !«ns dlMaLar wae all tl«aa tha wave- 

I tangth (1.01**) and the wavelength waa twice tha 

dlmtier of the dlaka. 

It la apparent that aeouatie lenaaa of the 
j obataclc array type are a«ay to eonstruet. Bowavar, 

I for good jungle llatanlng at 200 cpa tha alaa of the 

I 

I line would need to be aavaral wavelengcUa which wuuld 

! Man a erosa aeetlonal dtawtter e£ 20 feet. A lena 

in Figure 9.1.12 aealed for 200 epa with parfocMnea 

I 

charaetariatlea would ba 24 feat in disetar and have 
! diaka S-faat in dlaMter. 

9.I.S.3. Fath Length Aeouatie Lenaaa 

Tha d«la]r tlM aaaoelaced with ch« virtual aaa* In 
obataclc arraya can be achieved by aachanical devieea to ineraaaa tha 
path length. Figure 9.1.13 ahowi terpentine plates ai:d slant plates aa 
! path lingch iacreaaes. The lodicea of refraction are given by 

I ... ' I 
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wiicrc 

i = piLh XcKgth through the platei 
t m path In the abssnc* ot the pUttt 

0 

Th« indem of rtfractlon «or th« alant pUt« l» glv«n by 
wh*rt 

0 • bttwam dtrtetion of preparation of tha wave 

and tha plana of tha plataa. 

rigura 9.1.14 ahow* how cho MrpaBClna plataa can b« uaad 
to obtain eonvarslng laoaaa, dlworglng lanaea and prlaw. 

k aehcHtic drawing of tha oparatlen and eonatructien of a 
■lant placa aeouatle lana aacloaad by a conical horn la ahown In 
rigura 9.1.15. 

Ihm diractloaal parfoiaanca of a lana-hom micropboae with 
• 29 -inch aparturt auJ 30- Inch focal langth la ahowi in figura 
9.1.16. (ftaf. 9.8) 

It ahould b« noted tnat tba diractlonal propordaa ora quite 
good at wawelengtha only allgbtly awlUr than tha apartura. 
Tha gain warlea aa tha aquara of tha aperture wavelengih ratio. 

"ta Aeouatle tana aa a Mrectlenel Mteraahoiia.*' Trene. of m 1. 
3-7 (1954) 
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FKEQUENCY IN CYCLES PER SECOND 



Fl|uni f .Icl . C-ontour lioea cf equal loudness for normal 
Mara. Niiinl*«rs on curves indicate loudness level in 
phons. O db - 16* wa.tts per square centimeter. 
0 db ■ 0. 0CKI204 dyne per square centimeter. (After 
flstcher and Munsou. > 
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rtture 9.1.3 - Nomcigram giving tbe relaclonvhlp 
betwoen loudness in sones and loudness levsl 
In phons. 
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Flfure 9.1.3 - The number of decibcli which « pure tone 
muat be raised Above the level ol noise for the tone 
to be just Audible in th«. presence of the noise. Tl.e 
upper curve shows the smount wliich the tone mu.'t 
exceed the sound-pressure spectrum level Ljfore It 
becomtis audible. Curves *re aisc given showing the 
amount by which the tune mu»t exceed various oand 
levels to be Just audible. 




MflAN FRf:QUENCICS OF BANDS xjF 
EQUAL CONTRIBUTION TO 
ARllCUUATION INDEX 

Figure 9.1.4* Plot» or a epectrum level basii*. 
of Cl| the speech area for a man talkli^ in 
a raised voice; (2) :ke region >f "overload" 
of the ear of an average male listener; and 
(3) the thresholdof .ludibiltty for youitg eari. 
All curves are plot ed as a function of fre- 
quency onadistorte«i frequency scslc. [Af- 
ter Beranek. Proc. .RE. JS: 8d0-890 (1947) J 




rtpirc 9. 1, 5- Curv«» ■hawing the absorption ol • 
plane •ound wAve in passing through air. st 20 
Centigrade, for different frequencies, as a fvnc- 
Ucn of the relative humidity. The intensiti after 
• planr wave traveled a distance x centime- 
ters is loC'"*. where !o l» the intensity at 
X » 0 and in is the coefficient given by the above 
graph. (After Knudecn. P 
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Figure 9,1.6- A chart from edilch to catunatn 
terrain l^ss coefficients for tropical Jungles. 
Zone 1, very leafy, one sees a distance of 
approximately 20 (:. , penetration by cutting; 
sone 2, very leafy, one sees approximately 
50 ft. . penetrstcd with ditftculty but W4thout 
cuttii^: sone 3, leafy, one sees a dtsUnce of 
approximately 100 ft. , free walking if care in 
Uken; sone 4. leafy, one sees a distance of 
approximately 2P0 ft. . penetration !» rather 
Msy; »onc 5. little leafy undergr >wth. Urge 
bracketed trunks, one sees a distance of ap- 
proximately 300 ft. . penetration is easy. 
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9.1.7 • Matkinf Laval Curv««, lat CrucM JuagU. 
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ftfuzi 9.1.8 • KUcking L«v«l Curvttt kad 
Motor Noi««. ^ 
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Figurt 9.1.9- Croit- •actional vitw of a par Abollc rtfl«eto« a microphOM. 
l*hc polar graph* 4how tho dlrtctio&al characttristies. Th« polar graph 
dspict* th« prastura, in dy&aa. at tha microphona aa a i 'action of tha 
angU, iadegraaa. Tba ma*;*num raaponaa la arbitrarily eheaeaaa uaifey. 



•4.28- 



r 




CD^q 

DISKS 
STRIPS 



- 1 f a' N , ft • rftdlM 
N ■ niimbar ol •««h«r«« p«r unit vQlumc. 



• 1 f I N . C • radiu* 
N • numbar M diftkt par uric voluma. 



n • 1 ♦ b N . b > hAli breadth 

oi Btxip normal 
to oiraeuoB ok 
propagation 

N • numbar nf strips par unit ar«a 
viawad andwisa. 



rifturo i.i,16- Ii<dajt of RaffAcUwU f or RIgU Slamaat Acouatic DiiiracUeA 
Arraya. 
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rigura 9.1.11 - Diak Laaa lor High FraquaDcy Sauiid CoUacuaa. 
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rigurc '9.1.12 - Di red lOM I Properties a High 
FrciucRc y > i.i>uali c Lcms. 
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rtgur* 9.1.13 - Acoustic l^th Lci^.tha. 




Incident Sound 




9. Z. Appllcattona ProbIeT.3 

Am ditcuatad «bov« , wound c«n b* colltct«d by « varlatjr of drvlcfs. 
[Vot dlKcu«««d «bov« li cht Unt oi"Mchin« guW* aierophon* conaKCing of 

I 

I • burJU of tubat of dltftraot len|ths, or Its variant! Ilka thr Klactro* 

I 

j voice M=.t M2, vhlch achlava high dlraeclonaH f.y La awall voluM b> t^e 

I diaturbad aound aatranca to tha diaphritsta. Such alcrophonaa ara vary 

I 

I popular In aovle and talavlilon- work vhrra raprataion of arc* notaaa la 

daaivabla.J Hany o£ thcia, or alallar, davleea could ba aacmfaccurad 
froa natural aatarlala. For ex^iRpla, it waa sugfattad aarl/ by B. 

j Alasandcr that ona could daaltn expenaatlal hern* for aMuntlng on tha 

gMrd tcJors of strategic haal^cs for nlght-tltea Mstaning. This, and 

I nrhtr oaranslbly usoful application* ^r.ve not baan pursued uodar this 

j contract for lack of aatabllshad raquirewnta and data on backgrounds. 

Tiav* ara aavaral dlfficvitiaa hara. first, as dlscuasad in 9.1, 

I 

I til* dasign of an •quipaant for a glvan purpose is scroogly affactad by ' 

I 

th* i.acura of the aifnaU sought nod eharactarlstic noiaa backgrounds. 

1 

Zht<:« 'iim not aany data on rhtss froa th* eonfUcr ana. Second, the 
nature ex the cperatJ.0O( vheKher it be tree or ltai-iurveLllence« for 

I 

«ie»ptr, ij ^*itP tflportent. In the atratcgic hmlet prdblea, tor 
esaaplo, it weuld sees dee treble to pattern the aurvelUance after 
wamibt le^uireMnta, Itaee of fire control and local faetera. laeh 
j probloa aiy be eeae i i h at dlfferoat. It w^y be, for eiaaple, that in aaa 

j vtlles* • hen, «r other device, for aree aurvelUance would be boot, 

I iihareaa in enotUer a d latent barrier lino of alerophonee alght ba batCMr. 

I ftader corteln clrcuaetaacea , high direct lone ilty vlth loa gain aey bo dootvod. 

I 
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TMrdi wtlLU iound «.MlI«wior» mmy hm laaaonabiy consLruciM of nalurally 
oectttrlBi Batartali, conaldtrably «ahaikc«4 p«rfonMRC« nay be achtavad 
doMndlns on «Mocl«t«d aUctronica. nbUh prj^Ailr cssr.?* be sanufaeevradi 
locally. 

A doiirablt praluda to work en acoustic tadgatry, and avaa to Cha 
tastlBf of ¥arioua avaiUbla davteaa, would ba a aurvay ol raqulraaaata. 
Thla iBvelvaa dacanualng wnat aort of acouatie dataetiou la waatad, 
what kiad of turvalilaacc oparatlon la daalrod, and If poaaibla, »hat 
tha local aolaa char«ctariati«.k ^ra. 

Glvan thlw InfoEMtton it la a ralatlv^ly siapla aattar, coaatdarlng 
Induatrlal D. 8. acouatlea capability to doal|n tha rafulrad aquipaniC. 

SiBca thaaa raqulranants coi aaaociatad data have not bate ebtnlMklo» 
tha work nn this contract haa bean raatraload to an axaaluMtian of aucb baoic 
faetora aa wara known. 
9.3. Gaophyica 

Gaophyalcal proapactlng nathoda may ba of ao«a Intaraat la opaeUllMd 
antt-ftutrllla oparatlona (rof. 9.9: 9.10). Although tha use of gaephonoa ia 
a naiural appiicat&en, alaett they are highly ■enaltlve [perhapa 100 ydo. or 
■or* on foot falla can be reliably diatlngulahtd by a tr^^ned operatorL goo- 
phenaa and other ■elanlc ■ethoda have not been Inveatigated In this etwdy aa 
It was uaderatood that auch teehnlquea were being covered by ROSS, Xayelwra. 

The only Mophyeieal method asemlBed» end that briefly, waa the poaetblk 
application of nagnetic detection nethoda to 

^etoetloa of ferreaagnetic weapon* carried by paraonnel, partleuUrly 
under eondltlona of routine inapection or e.icveillanee and at abort 
ranges ; 



9.9 Slichter, L. B. Ceophyalca Applied to ?rospertina for Orea 

Znat. of fleophyslco Ho. 60 V. Of California 

9.10 Dobrin, M. B. Introduction to Ceoehvelcal Prosnatttn^ HeCraw Hill, 19iO 
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°Dactctloo of uodcrgrbuod bacrow* or cavsi; 
. ^tctccion of aa^uvhaa, etc. 
Four tTp«i of technlqut alshc b« <pplU«t>Ui (ij « oMCltra. •Utloury 
dctoetor co rMx<r,r .ovtnB t«r|«. £, (2) - paifiv*, pov.jb!.. decMCOT, to 
r«Bi*L«r fititlonary targati ; and eh«tr pwaaii,!. count«rp«iri laeltidios 
.ct^.»t Mtiaaot to •ubj.ct tha „.arby taift Co • strons fl^ld. Uttor, 
of couri., art •..ny .-.j.ccd a* « ilMpU oseiMr. «how thot prohlbUtvoly 
Uti« flaldi «r« laqulred to produeo DC flalda cot^oroble ta fh«r Earth 
fUld at rangaa of 10 fact. 

In ganaral. tb. problaaa aro fanlUar. Tha objacta to ha datoetod m 
•■all. Thay ereata a auU parttirbattoa &a tha aartb'a flald (at Intoroattag 
«<lataaeaa> vhlch say ba ca^parabU to nolao In tha flald. 1h« bacfc«roiiad 
fluctuatJona ara poorly koowi m aroai of Inttraat. and tei>por«lly. Hovm, 
aUpla ealculationa load to aatlMtad affaeta «hieh ara nartluUy lotorMtlai 
and, tharafoM, iiivaatl«ation la warrantad. A endc iseaaura of the m^on ot 
•PPUeablUty la Indlcatad by an account In Sfcllat, (raf, 9.:.l) of tha uao 9f 
tha VarUn N^9 ■agnateMtar to datact aagaata In tha boota if aklara ourlad 
undar tha anov. It la atatad that 10/4- Mgnata wara locatad undar 13 foot 
of anow. iTha M^9 la a aodorattly goud aagnatemtar {± 3y) laaaod by VarUn 
at aoM $330 par mth. ] 

(tea fact which nakaa MBaatle datactloo v»ry difficult If not co^lacoly 
unfaaalbla. la that tha flald falla off aa tha Invaraa cuba of diataaeo. 
Xaeraaalnt uviotoMttr aonaltlvlty dooa not aaaa to ba tha anaiior boeamo 
of nolaa and dacreasing -.he ficcsctlM fMAga ineraas<» cba probability of 

9711 SkUnt Vol. I5r3]l962, Dae. 
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..i,i«.u a «„ f , cx..../..c/,_, ^ 
....» i-tau..,..,. «^t«c„. „„ 

I» mi 6« Had.1 X^934 .....rcb », ..poc -^c-...,. 

voltage proportloaal to th« aMoatcMtiar i^^. *- 

w ui« a«(o«coMC«r Uraor fr«qu«icy (4.667 eyclM/a«e/ 

wUh 2S dlvuioi,. ,*lch iutiacelon. of n.02 on eh. ch«t. 

r«i»d. cten oa lUrch 27 .h«^ .o« .Uropul.at W wich p«lod. 
of 0 or «r..wr «d with «pUtMd.. .ii,htly u.« th« l,. A/t« . 

—XI »i»otle atom oee«rr«l th. fuw r«.xB«f dfturb^l. Durl»i ^rly 
4ft.rBoo«, icropulootlon. vlth p«riod. of .bout 70 ..cond. «^Ut«d.. 
of 0.6 . 0.« oce«rr«l. mou,ho«t th. lat. .ftcrno^u . 

bro«l.r o.clll.tlo« occurrod, with p.riod. Uk. „ hour or «,r.. ^ «pu. 

Ita" 1. f.ct, ,„.r.l „tur.l ,o„re.. ,f «htd, .111 «». 

«*t«tl« f «.u bodl.. « l„t.r..tla, di..«„». dlffi„l.. A. «i„ 
Km . M4. r«4. .( fr.,„.„ci.., ^utud. ... .c.i.. n. „^ 
"«U. «U ,1V. ll.tl. troubU. B,. .n.u.1 .b«^ i. ^„ ^ 
41»..l 1. th. „i.. r...l.„i, l«l.ph.,l. 

MP.,!. „nu-.. ,f ,00, .iri pm.d. of 

,1V. c-i.w.„bl. t,«.bl.. ft. ,..,„p^„.l ..... 

" *• " f -11 (IM. .lu. .h. 4....tu» 

».12 Vuimecp. Cwh..ic. T.„,,tc.l M.-^^.. , M.. ^ 



4MHi«) the problM !• «strcnely difficult. If th« icaU is Urgt, «11 
Btaiureaenss ssssli be esi^^Arcj to « d«t*<;iwi; «t « iisav •iai.ion. Klnaral 
dapMlti wtii (iv« wry Ua'M M^iltud* tlsiuiU (lo'^j tiM Urf«tt «T«r 
MAiurad, WM gb««rv«d av*r m iron d«poelt In RuwU); hoMvnr, ch«M 
•Ignnlt am rttproduelbl* and bav« acalM of klloMtara. 

A third difficulty, of courao, nould bo tbo praaonco of (frlondly) 
mapons in tha vicinity »{ tha taatinK inatruMnt. 

rolloHlni tha Bechod ot Slator and Frank' (rof. 9.13) tha field 
Inaldo and o«italdo a unifomly aagnotUad aphara plaeod In an orl(lnally 
untfon flold. Bp, tiao dotoralnod. Tho aspraaalon for tho flald outoido 
tha aphara la 

H - t - grad /h coi 0 [u-l] 

nhara m ua tha raUtlva panaaablllty, R la tha aphara radwa, and r and 
0 art tha eoordlnataa of tha point of Intaraat. An Intaraatlng eaaa la 
a aphtfa having high pornaabillty (ti>lO), uhleh would Ineiuda aaiuly 
forrcBagiMtic HtorUla. In thla Inatanca oBlttlna tha tarn ^ l \ «tll 
Intraduca laaa tho 2St arror. Thla indicatoa the flald outalda a aphata 
la Indapandtnt of tha panMabllity Whan It is graatar than about 10 tlwa 
tha fraa <paca valua. Tha aaxlMuR flald alr«Rg:lt» 3H^, occuxa at tha poloa. 

Tha flrld atrangth at tha aquator la saro. Iha flald <alla or rUaa to tho 

R 3 

uBdiaturbod flald atrength ac (-) in ail ladiai dlraetiona. If B la tho 

• o 

aart>>'a flald (roughly obo gauaa) and a ona tanth gMO (10*^ gawaa) dutuib- 
anca in tha flald can ba detaetad. (Aa Indtcacad abav«. cHIm v«Ihv <■ 

9.13 SUtar, J.C. arJ Frank, ::.R. Blactroaaanatlafc McCiaw aill(m7)pp 72*74 
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approprUc* to ondtrn atiBn«!Comet«rs j , th* aphcrc cmild d#rvce«d «e m 
di«e«iict of 10' radii. 

An MtiMt* or the dltcurbasce In Ch* aafneclc field c«ua*d by • 
cavity In t!i« tarth 1» Md« in ilalUr fa«hloa. 1km problva U Ilka tlia 
c«M of a Mgn«tU«d aphoro In a unirora flaid. Bora a •oludoa «aa 
obtaln«l by adding tha fiald of an ItolacaJ aasnatUad tphara to Ch« 
unlfui« field. Th« cavity having a loMr panMablUty Chan ".ha aarth 
will produca an afftct which li oppotlta to that producad by tha aplwra. 
Iha fUld will ba daeraaaad ac tha polaa and Incraaaod ac tha o^tloQ: 
howavar, aquation {1} can ba utad by aaraly changing tha atsn of tha 
gradlaat. Two aarlouf problav ara ancouncarad, (1) tha pataaabillty 
of tha aarth ic a*«rly ona but highly varlabla aad (2) tM flaU o£ 
iacaraat It abova tha aarth aurfaca; tharafora, two iMsrfwM an 
Introlvad. Urn rlrat factor la aaalyaad by aalaetlni an avvraga ralua 
for rock aacarlala. Sol la ara daeoa«>oaad rock and art aaataad to lu^ 
tha CM p-*«*abiUty. A panMablUty of 1.06 - I Unk, k • 5 
10 cga '-^^^j aalactod. Tha othar factor la oaglactad alnea 

It la aaatnNtd that the aeaauraaant la aada cleaa to tha aartn whara tha 
flald la not graatly diffaraat froa that In n«a wrth. 

Tha cam <^-^) cannot ba anlttad in thla laatanca aid haa a 

•2 

va«aa of 2.10 . Iha dltturbancaa U tha flald atrangth aurroimdlng tha 
cavity ara raducad by a factor a»lO'^ fro« tha caaa of tha naiiMtUad 
aphara. Aaaunlng tha laM Mgaatowtar aoaaitivlty aa bafora, tha cavlt: 
can ha datrcttd at 20 radlt. 
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Haiicc, foi « pUcol, which mif^t b* approKlMCtd by in lri>« aphsr* 
y in dtcMtcr. thr dcttctloii mnye alght r*«ioubly b« 15 • 79'. A 
burled cr«M ot rlflci^ conMrvatlvtly vqulvalmt to • 1 ft. Iroa tphMra 
■Ight bt dattetAbl* at 100 fMt m would • 9' rodlM ophMrleol eovlty. 
If ooM practical uoo (which !■ quoatloitabto) emld bo Mdo of tho oIcImco 
•ooaltlvlty of vapor aasaotoMtort, tho dococtlon dlstaixo Mghc bo U..*o«a«d. 

lo caao (2>. whti.h conaldorB a aoviag dococtor, tho offocc of aoKuvally 
oeeurrlttt aagnotlc roglona, sight bo Idontlflod by tholr largo ostaat nii^irwl 
Co tho localisod oCfoet of awll, hlghor porMablMcy etrgott. Iho largo - 
•eato notto aay bo Idontlflod or roaovod froa tho algnal by eonooetlat « 
■oceod dococtor la oppooltloa. Tho ooeood datoctnr mh** tio approxiaatoly 
• huodrod loot oway. As altoraatlvo «9uld bo to eooparo tho tlgaal rocordod 
by « flnglo dococtor with that modo at a bao« atation. 

Caao (1) hao tho advaatago chat natural, atattonary bodloo will not 
eontrlbuto ta tho nolao but cio goooagnotlc nolao problos ■till osiota. For 
larga area ittrviiillanco, tho dococtor could do a largo loop of wiro laid on 
tho ground; however, any aocion of the wire will kIvo Miao. A wira loop 
placed on the ground will detect a aaa carrying a rifle when ho paaaea in or 
out of the loop (rof. 9.14). Tho loop can bo very largo but auat bo eewUuly 

iMMbilO. 

It la difficult to oaciaato at thU point whochoi such applUatioao aco 
practicable. They eoea aerainal at beet. If tho requireaent ia really a 
aorioua one — for osaple, to detect buried arai aturea. It «ey be worchMhile 
to ma a fMw ai^le coeta. Since the validity of the requiroBont ie not kaowa 
and cannot bo deaonatrated on logical grouada dlone, no poeitive toeemrfatioa 
can be aado. 

9.14 Shuler, K. IPA laceraal Meaorandua (1902) Private Conuaicatlon 
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UNCIASSIFIEO 

To coalites th* trtarsMt of <t«:t. rtloo, chU •ftctirn eoatslu « britf llac* 
Ing of un<*«caloguea Ideas nhteh ar*, raapaetlvaiy, a) not aetlooabU; b) wro 
not analyitd, or c) nor* coniplotaiy unprwduetive. 

Th« u»« 6f ^ly^afi, lachnlquoa by vilU|a*ifiapaetlon caaaa to Idaattfy 
SuarlUai and •yer .i :.iaAri, falta into tb« first eaeaiiory. rrallaiaary iDvosel- 
vMtion Indieatod tilt th(« nethod wsuld tcehnleally faasXbU, raUdvaly 
•invlc to uff.:, and ralUbU to eporattea, pavtieuUrLy with OtImimIs. and 
could ba put In flald fairly rapidly. Bomvtr, le is undarseeod that poly- 
graphs eaaaet bo shippod toto 8.t. Asian coimtrias nor uaad by cha ailltary. 

*b t:M saeond eatogory aro a v^loty of poosibilietes ranging (roa straight 
forward applications of knowA Mtboda to eha davalepMnt of aophlsticatad instru- 
■o<»ts vheso bLSic principles havo not evon boon dafiaad. Por oxa^la it is poa- 
siblo that aaismie MCtoda for a) traasaitttog a aacuro viiUgs aUr« atrial by 
detonation of a (pattern of f) buried explosive chargefs); and rcb^pclon by a 
dlr«cr1on«l geophi *e net or b) loeatiitg burrowi by czcploaive loundlng tachalqucs, 
or c) geophoae aonitering of canals sight b« fea«!tbir. Also, the use of eonvan- 
tienal U and visible eontraat photography for turvellltAc* ot chdoically sr 
biologically Inhibited food crops. ?>'.;;, ..^d er dying foluge Is app«rftn= In 
such phrt^'graphy. By this neans one ui c^M food-eoncrol prn^uH agaioat in* 
surgants night be nade eaaier. Advanced possiblLltUa are "•a»iie-grs<t lent* de- 
tectors" for use under heavy canopy, aod loacruMOts to detect character it tic 
scanta or eavlr onsen tally Induced akin cesdiilona. Vaereee the afotcsantlOMd 
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ideas could be- aiMiyzed, the Utter zuiaot, At the 
Maitt t»f wu*'ii«w:n« u.^eful Im pcRctii il iutruncn:! If n ^ 

In the U«t catcKOry tse, rcipi -.cUely, lu^geiicioncj 
Nnd rice pdddlc* with chenUaU whic arc excited on cxpVti 
novini: pertonntl, wsd for •ccdinB pa idi«f, aim^g and \tXr:'> 
neicent mater laU in the hope of obt lining phenoaena anal.^ji 
South Piclflc ihiiwakea of Vorid War II. A brief aecoi«t r 
given 111 an early pap*r (Re£. 10. 1). Chealcala of li'tftt-.' Ij^i 
general problens of quantity, diaper, ion, and loagevlty w j Jj^ 
Biolunlnetcent aicro-organic;aa are n* t found in freah vat- : li 



10.1 We«ltt* X. "Bloluaincaeftneft VMft •bllicUt** BC-A>1 
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